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ABSTRACT 
Problem Statement 
The research presented in this thesis attempted to explore the possible use of 
hydropower as an alternative energy resource for the local area of Morehead, 
Kentucky and for the state of Kentucky in order to provide a possible alternative to 
the continued dependence on fossil fuels. This study attempted to analyze the 
potential energy of hydropower if it were implemented at the Triplett Creek Dam, the 
Cave Run Lake Dam, and at a total of various sites across the state of Kentucky. 
Methodology 
The researcher utilized different methods of analysis to address each of the four 
research questions. The first step in the assessment of the potential of a hydroelectric 
system was to determine the amount of obtainable power at all of the potential sites. 
The power available is a product of the flow volume, the system efficiency, and the 
head. Sampling and hypothesis testing were used to analyze Research Question One. 
Research Questions Two, Three, and Four were analyzed by a combination of known 
flow rates and combined with the Wisconsin Valley Improvement Company's method 
to calculate how much energy a darn can produce (2006) and a survey from the Idaho 
National Laboratory's Virtual Hydropower Prospector and their Resource Database 
Listing for Kentucky Hydropower as illustrated in Appendix A (Conner and Franfort, 
1998). 
Research Question One 
Will adequate water flow be available in Triplett Creek on a consistent basis 
regardless of weather conditions? 
Sample testing, Hypothesis testing and F-testing were used to test the hypothesis 
that the flow rate of Triplett Creek is consistent regardless of weather conditions. The 
researcher rejected the Null Hypothesis, which states that the average water flow rate 
is consistent all of the time regardless of the weather. The researcher accepted the 
Alternate Hypothesis, which states that the average water flow rate of Triplett Creek 
is not consistent all of the time regardless of weather conditions such as rainfall. 
Research Question Two 
What is the potential of hydroelectric power if it was implemented as an 
alternative energy source at the Triplett Creek Darn? 
It was determined that this darn could provide enough renewable energy to meet 
the residential needs of 149 people if a turbine and generator were added. 
Research Question Three 
What is the potential of hydroelectric power if it was implemented an alternative 
energy source at the Cave Run Lake Darn? 
lt was determined that this dam could provide enough renewable energy to meet 
the residential needs of 14,600 people if hydroelectric power were implemented. 
Research Question Four 
What is the potential of hydroelectric power if it was implemented as an 
alternative energy source at several potential sites throughout the state of Kentucky? 
It was determined that the implementation of hydroelectric power at all of the 
potential sites listed in Appendix B could provide enough renewable energy to meet 
the residential needs of2,666,395 people. 
Conclusions 
Hydroelectric power has great potential as an alternative energy source to supply 
the energy needs of Kentucky in the future. As illustrated in the analysis of Research 
Question Four, if all potential hydroelectric sites in Kentucky were utilized to their 
full ability, this would almost supply the energy needs for the entire population of the 
state. The Cave Run Lake Dam has great potential to provide alternative energy for 
the surrounding area. If some type of compromise were achieved between meeting 
the environmental demands and maintaining the ability to make it economically 
feasible to pursue this endeavor, this project could be a great benefit to the 
surrounding area. The same statement holds true for a micro-hydro project at the 
Triplett Creek Dam as well. 
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Chapter One 
1 
Due to the rising costs of energy, the uncertainty surrounding the continued use of 
fossil fuels, and the growing concerns of Americans to provide safer, cleaner energy 
resources, hydropower should be considered as a valuable option to provide an 
alternative energy resource for the state of Kentucky and the local area of Morehead, 
Kentucky. Two local sites, as well as other areas throughout the state of Kentucky, 
were studied by the researcher in an attempt to determine their hydroelectric power 
potential. One of the focal areas analyzed by the researcher was the Triplett Creek 
Dam in Morehead, Kentucky. Triplett Creek Dam is shown in Figure 1.1. Triplett 
Creek is a fourth-order Licking River tributary that flows through the city of 
Morehead, Kentucky in Rowan County (Reeder and Haight, 2007). 
Figure 1. 1 Triplett Creek Dam. Photo by Terry White 
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Another local area analyzed for its hydroelectric energy potential was the Cave 
Run Lake Dam. Cave Run Lake was created by the construction of an earth and 
rock-fill dam across the Licking River. The Louisville District of the United States 
Army Cmps of Engineers built the dam. 
Construction of the Dam and Outlet Works began in 1965 and was completed in 
1973. The dam has a maximum height of 148 feet and measures about a half-mile 
in length. The lake has an 8,270-acre surface area and is about 48 miles in length 
during the summer months. The lake is located within Eastern Highlands Region 
of Kentucky and is surrounded by the northern-most section of the Daniel Boone 
National Forest (Barnum, 2003). 
Although there were some initial discussions concerning the potential production 
of hydroelectric power at Cave Run Lake dating back as far as 1950, the lake project 
ultimately was constructed primarily for reducing flood damage. The dam reduces 
flood stages along the Licking River Valley below the dam, and serves as a unit of the 
flood protection plan for the Ohio River Basin. There are also several other factors 
related to the feasibility of implementing hydroelectric power at Cave Run Lake. In 
addition to flood control, the lake project provides public recreation opportunities, it 
serves as a water supply, and offers habitat for fish and wildlife. It also enhances 
water quality along the lower Licking River by increasing the flow of water during 
dry periods (Barnum, 2003). 
Cave Run Dam controls water from all the rivers and streams within an 826 square 
mile drainage area upstream from the dam. Floodwater from the drainage area is 
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captured behind the darn and stored in the lake. This action lowers the level of the 
river downstream from the dam, thus reducing flood damage. The floodwater is 
stored in the lake until downstream rivers and streams have receded enough to begin 
releasing the stored water in a safe manner. In order for hydroelectric power to be 
implemented at the Cave Run Lake Dam, a compromise would need to be agreed 
upon concerning the balance between flood control and the production of energy. 
Figure 1.2 illustrates a cross-section of the darn and outlet works. The outlet works 
are all the structures and equipment used to control the release of water from the dam 
(Barnum, 2003). 
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Figure 1.3 Cave Run Lake Dam and Control Tower Photo by Terry White 6-1 0-07. 
The 167-foot high control tower on the lakeside of the dam is attached to a 
tunnel called a conduit. Figure 1.3 provides a view of the control tower, the east side 
of the darn, and the beginning of Cave Run Lake at its western-most edge. The 15-
foot wide conduit carries lake water underneath the dam to the river channel on the 
other side. At the bottom of the control tower are two large service gates, located at 
the entrance to the conduit. These gates can be raised or lowered to control the 
amount of lake water passing through the dam. The control tower also has two 24-
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inch diameter discharge pipes called bypass pipes. The bypass pipes release smaller 
amounts of water at three different levels in the lake, which in tum, allow the release 
oflake water of various temperatures and qualities (Barnum, 2003). 
The operating level of the lake depends upon the time of the year. This process is 
regulated by workers at the United State Anny Corps of Engineers' office located on 
the north side of Cave Run Lake Dam. 
During the period of May through mid-September, an effort is made to maintain 
the lake's surface at the summer pool level. In the winter and early spring, an 
attempt is made to keep the lake at the winter pool elevation, which is six feet 
lower than summer pool. Maintaining the lake at this lower level provides 
additional flood storage capacity during the time of year when flooding is most 
likely. Following flood events, the lake level is gradually returned to the normal 
operating level for that time of year (Barnum, 2003 ). 
As mentioned previously, a balance would need to be achieved between 
maintaining recommended operating levels for flood control and the release of water 
for hydroelectric energy production. Cave Run Lake at its maximum storage capacity 
would have a surface area of 14,870 acres and its length would increase to over 66 
miles (Barnum, 2003). Figure 1.4 provides a view of the west side of the dam. 
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Figure 1 .4 Cave Run Lake Spillway. Photo taken by Terry White June 18, 2007. 
Problem Statement 
The research presented in this proposal attempted to explore the possible use of 
hydropower as an alternative energy resource for the local area of Morehead, 
Kentucky and for the state of Kentucky in order to provide a possible alternative to 
the continued dependence on fossil fuels. This study attempted to analyze the 
potential energy of bydropower if it were implemented at the Triplett Creek Dam and 
the Cave Run Lake Dam. Research was also conducted to calculate the energy 
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potential of hydroelectric power if it were implemented at various sites across the 
state of Kentucky. 
Research Questions 
Four research questions were answered concerning potential hydroelectric power 
as an alternative energy source if it were implemented at the previously mentioned 
locations. 
1) Will adequate water flow be available in Triplett Creek on a consistent basis 
regardless of weather conditions? 
2) What is the potential of hydroelectric power if it was implemented as an 
alternative energy source at the Triplett Creek Dam? 
3) What is the potential of hydroelectric power if it was implemented as an alternative 
energy source at the Cave Run Lake Dam? 
4) What is the potential of hydroelectric power if it was implemented as an 
alternative energy source at several sites throughout the state of Kentucky? 
Significance of the study 
Should hydropower be found to be economically feasible if implemented at the 
Triplett Creek Dam, this could reduce energy costs for Morehead State University 
and thus allow funding to be applied to other areas of concern at the university. If 
hydropower could be implemented at the Cave Run Lake Dam and throughout 
Kentucky, this would help reduce energy costs in the state, decrease the dependence 
on fossil fuels, reduce pollution, and help stimulate the economy at areas where there 
is the potential of hydroelectric power. 
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Assumptions 
The primary assumption related to Research Question One was that there would be 
sufficient water flow in Triplett Creek to produce an adequate amount of power. The 
primary assumptions related to Research Questions Two, Three and Four were that 
the research would demonstrate that there is great potential for hydropower if it could 
be implemented at the Triplett Creek Dam, the Cave Run Lake Dam, and at various 
other locations throughout the state of Kentucky. It is assumed that this could be 
accomplished in a manner that is economically feasible, in which the savings in 
energy costs would outweigh the costs of implementation. 
Limitations 
Regarding Research Question One, in order to develop a consistent, average water 
flow, extended research would need to be conducted over a longer period of time 
which would provide a more accurate presentation of the potential hydroelectric 
energy available at the Triplett Creek Dam. This is evidenced by the variations of 
water flow recorded by the Advanced Hydrologic Prediction Services illustrated in 
Appendix D (National Weather Service Internet Services Team, 2007). 
Another limitation related to Research Question One was that the sample testing of 
the flow rate of Triplett Creek was somewhat limited because it was not performed by 
using a flow meter. It was instead performed by utilizing the Float Method for 
calculating flow rate, in which toothpicks were floated on the surface of Triplett 
Creek over a one hundred foot span and timed with a stopwatch. 
Several factors related to Research Questions Two, Three, and Four should be 
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considered as limitations because they could hinder the potential of hydroelectric 
power at the previously mentioned locations. These factors include: 
a) Environmental Factors - It would need to be determined how the implementation 
of hydroelectric power would influence the water purity of Triplett Creek, which is a 
primary' source of drinking water for Morehead State University and an alternate 
water supply for the local community of Morehead, Kentucky. The preservation of 
water purity would also be a concern related to the implementation of hydroelectric 
power at Cave Run Lake Dam. The Licking River, located below Cave Run Lake 
Dam, is also a primary source of drinking water for Rowan County. Although not all 
of the existing conditions are known at other potential locations, the preservation of 
water purity would also be a concern at many of the other prospective hydroelectric 
sites around the state as well. Current hydropower technology, while essentially 
emission-free, can have undesirable environmental effects, such as fish injury and 
mortality from passage through turbines, as well as detrimental changes in the quality 
(dissolved gases) of downstream water. Advanced hydropower turbine technology 
could however, minimize the adverse effects while preserving the ability to generate 
electricity from an important renewable resource. 
b) Political Factors - Local and national politicians would need to be contacted and 
their support would play a major role in the funding and success of these projects. 
c) Regulatory Factors - State and federal regulatory requirements associated with the 
implementation of hydroelectric power can often be so restrictive that it would not be 
feasible to implement hydropower in some areas. 
Definition of Terms 
Cubic Feet per Second - This is the measure used to describe the rate at which water 
travels. This is used to calculate the potential hydropower energy output for a river or 
stream (Idaho National Laboratory, 2005). 
Dam Status - The effects of environmental attributes vary by dam status. The dam 
status classifications used are as follows: 
W -With Power - Dam Status value, indicating a project that currently has some type 
of hydropower in place. This is a developed hydropower site with current power 
generation, but the total hydropower potential has not been fully developed (Idaho 
National Laboratory, 2005). 
W/O - Without Power -A Dam Status value, indicating a project that currently has 
some type of structure that is an impediment to stream flow. Most often, this is a dam 
built for flood control or irrigation purposes. The structure would be absent of any 
hydropower. This is a developed site without current power generation. The site has 
some type of developed impoundment or diversion structure, but no developed 
hydropower generating capability (Idaho National Laboratory, 2005). 
U - Undeveloped - A Dam Status value indicating a project absent of any type of 
hydropower development, or any other type of structure impeding the stream flow. 
This is an undeveloped site that does not have power generation capability nor a 
developed impoundment or diversion structure (Idaho National Laboratory, 2005). 
HES - Hydropower Evaluation Software - This is the uniform criteria and probability 
factor computer model to standardize the assessment process of potential hydropower 
11 
in the United States. It also manages the input, output, reporting, and data-storage of 
the resource database (Idaho National Laboratory, 2005). 
Hydropower - The capture of the energy of moving water for some useful purpose. 
This term will be used interchangeably with hydroelectric power (Idaho National 
Laboratory, 2005). 
KWRA TE _P - HPRA estimated potential Nameplate Rating (KW) of the project. 
This is not the current capacity at a developed site. It is the potential capacity at an 
undeveloped site or a site without power, or the potential additional capacity of a site 
that already has power (Idaho National Laboratory, 2005). 
(KW) - Kilowatt, one thousand watts (Idaho National Laboratory, 2005). 
Kilowatt-Hour (kWh) - The amount of electrical energy involved with a one kilowatt 
demand over a period of one hour. It is equivalent to 3,413 Btu of heat energy. 
MW - Megawatt, one _thousand kilowatts (Idaho National Laboratory, 2005). 
MWh- Megawatt-hours, one thousand kilowatt-hours (Idaho National Laboratory, 
2005). 
Name Plate Rating - The maximum power output or load for which a turbine-
generator, station, or system is rated. Used by HES to identify the additional capacity 
potential of a project (Idaho National Laboratory, 2005). 
PESF - The sum of all factors in the HES model that affect a project, or affect 
applying for a license to develop a project (Idaho National Laboratory, 2005). 
PESF*KW -The Name Plate Rating (KW), multiplied by the PESF, the sum of 
which is the HES model's potential hydropower for a project (Idaho National 
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Laboratory, 2005). 
River Basin- The river drainage a project is located in (Idaho National Laboratory, 
2005). 
Conversion of some related units of measurement may also be helpful in 
understanding the analysis of the data are listed below: 
1 cubic foot (cf)= 7.48 gallons 
1 cubic foot per second (cfs) = 448.8 gallons per minute (gpm) 
1 inch= 2.54 centimeters 
1 foot= .3048 meters 
1 meter= 3 .28 feet 
1 cf= .028 cubic meters (cm) 
1 cm= 35.3 cf 
1 gallon= 3.785 liters 
1 cfs = 1,698.7 liters per minute 
1 cubic meter per second (emfs)= 15,842 gpm 
1 pound per square inch (psi) of pressure = 2.31 feet (head) of water 
1 pound (lb) = .454 kilograms (kg) 
1 kg = '.2..205 lbs 
1 kilowatt (kW)= 1.34 horsepower (hp) 
1 hp= 746 Watts. 
(U.S. Department of Energy, 1983) 
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CHAPTER TWO 
Historical Review 
Prior to the widespread availability of commercial electric power, hydropower was 
used for irrigation, milling of grain, textile manufacture, and the operation of 
sawmills. It is one of the oldest sources of energy and was used thousands of years 
ago by the Greeks and Romans to turn water wheels for grinding wheat into flour. In 
1775, the United States Army Corps of Engineers was founded, with the 
establishment of the Chief Engineer for the Continental Army. In the 1830s, at the 
peak of the canal-building era, hydropower was used to transport barge traffic up and 
down steep hills using inclined plane railroads (Idaho National Laboratory, 2005). 
The United States' frrst industrial use ofhydropower to generate electricity 
occurred in 1880, when 16 brush-arc lamps were powered using a water turbine at 
the Wolverine Chair Factory in Grand Rapids, Michigan. The first hydroelectric 
power plant in the United States opened on the Fox River near Appleton, 
Wisconsin on September 30, 1882. Until that time, coal was the only fuel used to 
produce electricity. Because the source ofhydropower is water, hydroelectric 
power plants must be located on a water source. Therefore, it was not until the 
technology to transmit electricity over long distances was developed that 
hydropower became widely used (Energy Information Administration, 2007). 
One year earlier, in 1881, Niagara Falls enabled city street lamps to be powered by 
hydropower. The Idaho National Laboratory estimates that about 45 water-powered 
electric plants existed in the United States and Canada by 1886; and by 1889, there 
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were 200 electric plants in the United States that used waterpower for some or all 
generation. In 1901, the first Federal Water Power Act was enacted and in 1902, the 
Bureau of Reclamation was established. According to data from the Idaho National 
Laboratory (2005), by 1907, 15% of the electric generating capacity in the United 
States was provided by hydropower; and by 1920, 25% of all the electrical generation 
in the United States was by hydropower. Also in 1920, the Federal Power Act was 
enacted which gave the Federal Power Commission the authority to issue licenses for 
hydro development on public lands. The Federal Energy Regulatory Commission 
now has this authority. The Federal Energy Regulatory Commission will be 
discussed at greater length later in this chapter. 
Other significant dates include 1933, when the Tennessee Valley Authority was 
established, and 1935, when the Federal Power Commission's authority was extended 
to all hydroelectric projects built by utilities engaged in interstate commerce (Idaho 
National Laboratory, 2005). The 1930s saw a significant increase in the use of 
hydroelectric power. In 1937, Bonneville Dam, the first Federal dam, began 
operation on the Columbia River, and between 1921 and 1940, conventional capacity 
in the United States tripled and 40% of all electrical generation was from 
hydropower. This amount increased significantly between 1940 and 1980 (Idaho 
National Laboratory, 2005). Of the renewable energy sources that generate 
electricity, hydropower is the most often used. Currently, hydropower accounts for 
about seven percent of the total electricity generation in the United States and it 
accounted for 73 percent of generation from renewables in 2005. The Wisconsin 
Valley Improvement Company (2006) estimates that hydropower currently has 
available about 80,000 MW of conventional capacity and about 18,000 MW of 
pumped storage available. 
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In order to fully realize the potential advantages that hydroelectric power could 
provide as an alternative energy source, the production of electricity and all other 
forms of energy must be reviewed in order to analyze their potential as compared to 
hydropower. An electric utility power station uses a turbine, engine, water wheel, or 
other similar machine to drive an electric generator or a device that converts 
mechanical or chemical energy to generate electricity. Steam turbines, internal-
combustion engines, gas combustion turbines, water turbines, and wind turbines are 
the most co=on methods to generate electricity. The majority of power plants are 
about 35 percent efficient. This means that for every 100 units of energy that go into 
a plant, only 35 units are converted to usable electrical energy (Energy Information 
Administration, 2005). 
Most of the electricity in the United States is produced in steam turbines. A 
turbine converts the kinetic energy of a moving fluid (liquid or gas) to mechanical 
energy. Steam turbines have a series of blades mounted on a shaft against which 
steam is forced, thus rotating the shaft connected to the generator. In a fossil-fueled 
steam turbine, the fuel is burned in a furnace to heat water in a boiler to produce 
steam (Seiferlein, 2006). 
Coal, petroleum ( oil), and natural gas are burned in large furnaces to heat water to 
make steam that in turn pushes on the blades of a turbine. Coal is the largest single 
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primary source of energy used to generate electricity in the United States. In 2005, 
more than half (51 %) of the country's 3.9 trillion kilowatt hours of electricity used 
coal as its source of energy (Seiferlein, 2006). 
Natural gas, in addition to being burned to heat water for steam, can also be 
burned to produce hot combustion gases that pass directly through a turbine, spinning 
the blades of the turbine to generate electricity. Gas turbines are commonly used 
when electricity utility usage is in high demand. In 2005, 17% of the nation's 
electricity was fueled by natural gas (Seiferlein, 2006). 
Petroleum can also be used to make steam to turn a turbine. Residual fuel oil, a 
product refined from crude oil, is the petroleum product most often used in electric 
plants that use petroleum to make steam. Petroleum was used to generate about three 
percent (3%) of all electricity generated in the United States electricity plants in 2005 
(Seiferlein, 2006). 
Nuclear power is utilized by producing steam to heat water through the process of 
nuclear fission. In a nuclear power plant, a reactor contains a core of nuclear fuel. 
This is primarily enriched uranium. When atoms of uranium fuel are hit by neutrons, 
they fission or split, releasing heat and more neutrons. Under controlled conditions, 
these other neutrons can strike more uranium atoms, splitting more atoms, and so on. 
This allows continuous fission to take place, forming a chain reaction and releasing 
heat. The heat is used to turn water into steam, which, in turn, spins a turbine that 
generates electricity. In 2005, nuclear power was responsible for 20% of all the 
country's electricity (Seiferlein, 2006). 
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As mentioned earlier, hydropower is the source for almost 7% of the United 
States' electricity generation. This process occurs when flowing water is used to spin 
a turbine connected to a generator. There are two basic types of hydroelectric 
systems that produce electricity. In the first system, flowing water accumulates in 
reservoirs created by the use of darns. The water falls through a pipe called a 
penstock and applies pressure against the turbine blades to drive the generator to 
produce electricity. In the second system, called run-of-river, the force of the river 
current (rather than falling water) applies pressure to the turbine blades to produce 
electricity. Over one-half of the total United States' hydroelectric capacity for 
electricity generation is concentrated in three States (Washington, California and 
Oregon) with approximately 27 percent in Washington, the location of the nation's 
largest hydroelectric facility - the Grand Coulee Dam (Seiferlein, 2006). 
Geothermal power comes from heat energy buried beneath the surface of the earth. 
In some areas of the country, enough heat rises close to the surface of the earth to heat 
underground water into steam, which can be tapped for use at steam-turbine plants. 
This energy source generated less than 1 % of the electricity in the country in 2005 
(Seiferlein, 2006). 
Solar power is derived from the energy of the sun. However, the sun's energy is 
not available all of the time and it is widely scattered. The processes used to produce 
electricity using the sun's energy have historically been more expensive than using 
conventional fossil fuels. Photovoltaic conversion generates electric power directly 
from the light of the sun in a photovoltaic (solar) cell. Solar-thermal electric 
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generators use the radiant energy from the sun to produce steam to drive turbines. 
The latest available data from the year 2005 stated that less than 1 % of the nation's 
electricity was based on solar power (Seiferlein, 2006). 
Wind power, like hydroelectric power, is another source of energy that is not 
currently being utilized to its full potential. Wind power is derived from the 
conversion of the energy contained in wind into electricity. It uses a wind turbine to 
generate electricity. A wind turbine is similar to a typical windmill. Although wind 
power only accounted for less than 1 % of the nation's electricity in 2005, it is a 
rapidly growing source of electricity (Seiferlein, 2006). 
Biomass is another source of energy that is not widely used. Biomass accounts 
for about 1 % of the electricity generated in the United States. Biomass includes 
wood, municipal solid waste (garbage), and agricultural waste, such as corncobs and 
wheat straw. These sources replace fossil fuels in the boiler. The combustion of 
wood and waste creates steam that is typically used in conventional steam-electric 
plants (Seiferlein, 2006). 
Although all of these sources of energy are vital to supplying the world's energy 
needs, it is the belief of the researcher that hydroelectric power has the most potential 
to meet those needs. Hydroelectric power is becoming a significant contributor to the 
energy needs of the world more so than in the United States. It now supplies about 
715,000 MW or 19% of the world's electricity. Hydropower is the most efficient way 
to generate electricity and provides several advantages over the other sources of 
energy. Modern hydro turbines can convert as much as 90% of the available energy 
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Hydroelectric plants have a broad range of different sizes. Micro-hydropower 
projects typically produce 100 kilowatts (Kw) or less and can utilize low heads or 
high heads. If hydroelectric power were to be implemented at the Triplett Creek 
Dam, it would be considered a micro-hydropower project. These plants power only a 
few homes as compared to giant dams like Hoover Dam ( as shown in Figure 2.1) that 
provide electricity for millions of people. It should be noted that although a 
hydroelectric facility at the Triplett Creek Darn would not produce an enormous 
amount of electrical energy, it could still have a positive effect on the local 
community by lessening the reliance on fossil fuels for energy. It would also be a 
tremendous educational tool for local students and encourage them to think about 
alternative sources of energy. 
Figure 2.1 Photo taken by Terry White from the Arizona side. Hoover Dam has a 
potential energy output of 2,080 MW. 
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Impoundment Hydropower is one the best-known types hydroelectric power. 
This would be the method used at the Cave Run Lake Dam if the implementation of 
hydroelectric power at that location became a reality. This method uses a dam to 
store water. Water may be released either to meet changing electricity needs or to 
maintain a constant water level. Figure 2.2 illustrates the significant components of a 
typical hydroelectric facility utilizing impoundment bydropower. 
Transmission lines -
con du ct electricity , 
ultimately to homes 
and businesses 
~ ~~------ Penstock - Carries 
water to the turbines 
-----Turbines - turned by 
the force of the water 
on their blades 
Gross section of convention al 
hydropower facility that uses 
an impoun dment dam 
Figure 2.2 Cross-section of a conventional hydropower faci lity that uses an 
impoundment dam (Idaho National Laboratory, 2005). 
Most conventional hydroelectric plants include five major components: 
1. Dam - Raises the water level of the river to create falling water and controls the 
flow of water. The reservoir that is formed is, in effect, stored energy. Water must 
fall in order to generate power from a stream. In most cases, the fall is enhanced and 
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increased by constructing a dam, which creates a head. (The head is the vertical 
distance from the surface of the water at the dam to the water in the stream below 
where the turbine is located) The higher the dam or head, the greater the power a 
given amount of water will produce (United States Department of Interior, 1987). A 
dam also provides a storage basin to regulate stream flow and thereby increases 
power potential. 
2. Penstock - Pipes or openings that carry the water to the turbines. Friction in the 
pipe (penstock) or open channel that carries water to the generator can cause power 
loss. For a small hydroelectric site such as the Triplett Creek Dam, which would 
have a small or moderate head, it would be important to use large penstocks to reduce 
losses. Plastic or aluminum irrigation pipe and the heavier walled, pressure- rated 
PVC plastic pipe are highly recommended for the penstocks if a water source is being 
diverted a long distance up a hill. Penstock routing and placement is very important. 
The penstock must be inspected and the intake must be cleaned regularly. The piping 
must have adequate support to keep it from breaking apart or moving under the 
weight and pressure of the water (United States Department of Energy, 1983). 
3. Turbine-As mentioned earlier, the force of the falling water pushing against the 
turbine's blades causes the turbine to spin. A water turbine is much like a windmill, 
except the energy is provided by falling water instead of wind. The turbine converts 
the kinetic energy of falling water into mechanical energy (United States Department 
of Energy, 1983). Two of the most common types of turbines are a reaction turbine 
and an impulse turbine. A reaction turbine, either the Francis type or propeller wheel 
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type, is turned by a mass of water falling through a duct encasing a wheel. Reaction-
type generators are good choices if you have ample water supply but a low head. A 
reaction wheel is subject to greater friction losses than an impulse wheel; however, it 
has greater flexibility in installation. An impulse turbine or (Pelton) turbine turns by 
the velocity of a jet of water striking the turbine's wheel cups and can operate on as 
little as 1.5 cubic feet per minute of water. In order to be most effective, a head of at 
least 50' is required (Seiferlein , 2006). A graphic of a turbine and generator in Figure 
2.3 details their major components and illustrates how they function. 
Stator / 
Rotor 
Generator 
Turbine Blades 
haft 
Figure 2.3 Hydraulic Kaplan turbine and electrical generator cut-away view 
(Wikipedia, 2005). 
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4. Generator - An electric generator is a device used to convert mechanical energy 
into electrical energy. A typical generator at a power plant uses an electromagnet. 
This is a magnet produced by electricity, which is not a traditional magnet. The 
generator has a series of insulated coils of wire that form a stationary cylinder. This 
cylinder surrounds a rotary electromagnetic shaft. When the electromagnetic shaft 
rotates, it induces a small electric current in each section of the wire coil. Each 
section of the wire becomes a small, separate electric conductor. The small currents 
of individual sections are added together to form one large current. This current is the 
electric power that is transmitted from the power company to the consumer. This 
generator is connected to the turbine by shafts and gears so when the turbine spins it 
causes the generator to spin also. This converts the mechanical energy from the 
turbine into electric energy (Seiferlein, 2006). 
Generators in hydropower plants work just like the generators in other types of 
power plants. An electric generator works based on the principle of electromagnetic 
induction, which was discovered in 1831 by Michael Faraday, a British scientist. 
Faraday discovered that if an electric conductor, like a copper wire, is moved through 
a magnetic field, electric current will flow in the conductor. The result of this is that 
the mechanical energy of the moving wire is converted into the electric energy of the 
current that flows in the wire (Seiferlein, 2006). 
The type of facility provided with electrical service is largely determined by 
whether an Alternating or Direct Current generator is used. Lights and the universal 
motors that operate small appliances and tools will operate on Direct Current. Larger 
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motors, televisions and many appliances require Alternating Current to operate. An 
advantage of Alternating Current is that it may be transmitted greater distances and 
on smaller wires than is possible with Direct Current; however, an Alternating 
Current installation does require an extra investment in governing equipment. Direct 
Current generators are usually less expensive than Alternating Current generators but 
they do require expensive inverters to convert to Alternating Current. However, the 
potential of storing Direct Current in batteries during low-usage periods and at times 
of uneven water flow is one compensation of such a system (Energy Information 
Administration, 2007). Figure 2.4 displays an example of a turbine generator and 
how it functions to produce electrical energy. 
TURBINE GENERATOR 
Spinning 
coil of wire 
North 
pole 
..... Direction of 
electric current 
..---"' 
To \tilt\Smluion line1 
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Figure 2.4 Cutaway View of a generator (Energy Information Administration, 2007). 
5. Transmission lines - Conduct electricity from the hydropower plant to homes and 
businesses (Wisconsin Valley Improvement Company, 2005). The electricity 
produced by a generator travels along cables to a transformer, which changes 
electricity from low voltage to high voltage. Electricity can be moved long distances 
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more efficiently using high voltage. Transmission lines are used to carry the 
electricity to a substation. The substations have transformers that change the high 
voltage electricity into lower voltage electricity. The low voltage electricity is then 
carried from the substation and the distribution lines carry the electricity to homes, 
offices and factories, which require low voltage electricity (Seiferlein, 2006). 
Several factors should be considered prior to implementing a hydroelectric power 
project. One of the most common mistakes made when considering small 
hydroelectric installations is the overestimation of a proposed plant's capability. 
Because of this, the researcher decided to error on the conservative side and use the 
lesser rate of 74.8 cubic feet per minute when calculating the potential hydroelectric 
power from the dam at Triplett Creek instead of the more recent flow rates derived 
from the Float Method samples. One of the first steps in planning a new facility 
should be to measure the power potential of the stream. As touched upon earlier, the 
amount of power that can be obtained from a stream or a lake depends on: 1) the 
amount of water flow, 2) the height, which the water falls (head), and 3) the 
efficiency of the plant to convert mechanical energy to electrical energy (Seiferlein, 
2006). 
Higher flow results in more power that is available. Head is a measure of the 
pressure of falling water as well as a function of the height that water drops and the 
characteristics of the channel, or pipe, through which it flows. Higher head also 
results in the availability of more power. If the amount of head is higher, this is an 
advantage because less water will be needed to produce a given amount of power. In 
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addition, ifless water is needed, this will allow smaller, more efficient and less costly 
turbines and piping to be used. Hydroelectric sites are broadly categorized as low or 
high head sites. A low head site typically refers to a change in elevation of less than 
ten feet. A vertical drop ofless than two feet would not be feasible for 
implementation of a hydroelectric system (Seiferlein, 2006). 
Water must fall in order to generate power from a stream. The fall can be 
enhanced and increased by constructing a dam, which creates a head. As mentioned 
earlier, a dam also provides a storage basin to regulate stream flow and thereby 
increases power potential. 
When determining head, both gross or static head, and net or dynamic head must 
be considered. Gross head is the vertical distance between the top of the penstock 
and the point where the water discharges from the turbine. Net head is gross head 
minus the pressure or head losses due to friction and turbulence in the penstock. 
These head losses depend on the type, diameter, and length of the penstock piping, 
and the number of bends or elbows. Gross head can be used to approximate power 
availability and determine general feasibility; however, net head must be used to 
calculate the actual power available. Environmental and climatic factors, as well as 
human activities in the watershed, determine the amount and characteristics of stream 
flow on a day-to-day and seasonal basis. Once flow and head figures have been 
calculated, a rough estimate of the potential power available, in kilowatts (kW) can be 
completed (Seiferlein, 2006). 
Another factor to consider which was discussed briefly earlier is that access to 
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water and the use, control, and diversion of water flows is subject to federal and state 
regulations. Other regulations also apply to any physical alteration of the stream 
channel or bank that may affect water quality or wildlife habitat. This is true 
regardless of whether the stream is on private property. If the project will have 
minimal physical impact, and there are no plans to sell power to a utility, the 
complexity of the legal process can be reduced. This could be an advantage at the 
Triplett Creek Dam due to the small size of the project. One should keep in mind that 
there are many local, state, and federal regulations that govern and thus, will affect 
the construction and operation of a hydroelectric power plant. This is important to 
remember because the larger the system, the more complicated and expensive the 
permitting and approval process could become. 
The county engineer or other similar local official should be the first point of 
contact when planning a hydroelectric system. He or she will be the most informed 
about what restrictions govern the development and/or control of water resources in 
the area. The two primary federal agencies that should be contacted next are the 
Federal Energy Regulatory Commission (FERC) and the United States Army Corps 
of Engineers. They should both be contacted to seek assistance in project 
development. The FERC is responsible for licensing all non-federal government 
hydroelectric projects under its jurisdiction (Federal Register, 2003). 
A hydroelectric project is within the jurisdiction of FERC if any of the following 
conditions apply: the project is on a navigable waterway; the project will affect 
interstate commerce, ( that is, if the system is to be connected to a regional electric 
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transmission grid); the project uses federal land; or the project will use surplus 
water or waterpower from a federal dam (Federal Register, 2003). 
The FERC must be consulted in order to determine whether the project falls under 
its jurisdiction. If a project does fall under its jurisdiction, a license or exemption 
from FERC would need to be obtained. The FERC application process also requires 
contacting and consulting other federal, state and local government agencies and 
providing evidence that this contact has taken place. If the project involves a 
discharge of dredge or fill material into a watercourse or wetland, a permit from the 
Army Corps of Engineers may also be required. In addition, the local district office 
of the Corps of Engineers should be contacted to determine if a permit would be 
needed (Federal Register, 2003). 
The Public Utility Regulatory Policies Act (PURP A) of 1978 requires electric 
utilities to purchase power from independent power producers if certain conditions 
are met. The local utility and/or public utility commission would also need to be 
contacted in order to determine what the technical and operating requirements are, 
and the price that the utility will pay for the electricity generated. The utility will also 
require that the system be insured. It is important to keep in mind that the 
interconnect requirements and insurance premiums can sometimes cost more than the 
profit earned from selling the power (United States Department of Energy, 1983). 
Several factors can prevent a small hydroelectric development from succeeding. 
These factors include the failure to realize how important full field data is for proper 
design, which can lead to over-estimating the amount and constancy of the stream 
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flow. In addition, the use of penstocks or flumes that are too small to allow the plant 
to operate at full capacity can deter the success of a project. The failure to anticipate 
the expense of keeping trash racks clear and machinery in good repair, the failure to 
design and plan for winter ice buildup, and as mentioned previously, an 
overestimation of a proposed plant's capability can all contribute to a lack of success 
for a small hydroelectric system (United States Department oflnterior, 1987). 
Review of Literature 
The water flow rate of 74.8 cubic feet per second in Triplett Creek was obtained 
through the data given in the Site Evaluation and Alternatives Analysis for Triplett 
Creek Dam by Fuller, Mossbarger, Scott, and May (1994). As previously mentioned, 
this flow rate was used for all calculations concerning the potential power of a 
hydroelectric facility at the Triplett Creek Dam. Additional data, such as the tables, 
charts and appendices were used to evaluate the economic feasibility and potential of 
implementation of hydroelectric power at Triplett Creek Dam, Cave Run Lake Dam, 
and other sites in the state of Kentucky. 
Information used to analyze the potential of hydroelectric power at Cave Run 
Lake Dam and the other possible locations in the state of Kentucky included the 
analysis of data from the Idaho National Laboratory (2005). In June 1989, the 
United States Department of Energy initiated the development ofa National Energy 
Strategy to identify the energy resources available to support the expanding demand 
for energy in the United States. Public hearings found that undeveloped hydropower 
resources were not well defined. As a result, the Department of Energy began a 
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strategy to explore undeveloped hydropower potential. They collaborated with the 
Idaho National Engineering and Environmental Laboratory to design the Hydropower 
Evaluation Software (HES), which has been used to perform a resource assessment of 
the undeveloped conventional hydropower potential in over 40 states (Idaho National 
Laboratory, 2006). The report the researcher analyzed presented the results of the 
hydropower resource assessment for the Commonwealth of Kentucky. The non-
modeled undeveloped hydropower potential total for Kentucky was identified as 913 
MW. This report is illustrated in Table 1. 
Table 1 
The Undeveloped hydropower potential summary for Kentucky is displayed in this 
table. It contains the non-modeled undeveloped nameplate potential and the 
Hydropower Evaluation Software-modeled undeveloped potential totals. 
Number of projects Nameplate potential HES Model 
(MW) (MW) 
With Power 1 19.2 9.6 
W/OPower 46 851.3 425.1 
Undeveloped 4 42.7 4.3 
State Total 51 913.2 439.0 
(Conner and Francfort, 1998) 
The Hydropower Evaluation Software result lowers this estimate about 52% to 
439 MW. This software uses environmental attribute data to generate an overall 
Project Environmental Suitability Factor (PESF) between 0.1 and 0.9, where 0.9 
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indicates the highest likelihood of development and 0.1 indicates the lowest 
likelihood of development (Conner and Francfort, 1998). The suitability factors 
depend on the different environmental attributes of each potential site. These factors 
reflect the considerations that environmental concerns can have to make a potential 
site unacceptable. This is in turn, reflected by its development potential for a 
suitability factor of0.1. Conversely, if there are no environmental concerns and there 
is no negative affect on the likelihood of site development, the result would be a 
suitability factor of 0.9. A combination of attributes can result in a lower suitability 
factor because multiple environmental considerations would reduce the likelihood 
that a site may be developed to its physical potential. 
Cave Run Lake Dam (Appendix A) had a suitability factor of0.5, as did forty-one 
other locations (Appendix B) in the state of Kentucky. While some would argue that 
this was an average rating and interpret this as the glass being half-empty, there are 
others who see the need for hydroelectric power and ask the questions: can we 
improve this suitability factor and how can we improve it? It should also be noted 
that the only location listed in the state with current hydroelectric power, Ohio Falls, 
(Appendix B) also has a suitability factor of0.5. This clearly demonstrates the 
potential for implementation at the other forty-one locations that share this rating. 
Also worth mentioning is that four other locations have a suitability factor in the 
range between 0.75 and 0.9 (Conner and Francfort, 1998). 
The topic of the potential for hydroelectric power at Cave Run Lake has been 
discussed on numerous occasions, even prior to the construction of the lake. The 
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Federal Power Commission sent a letter on May 19, 1950, to the Chief of Engineers 
of the Army Corps of Engineers that was highly favorable of the use of hydroelectric 
power at Cave Run Dam. The Commission concluded that substantial amount of 
hydroelectric power, including possible pumped storage capacity, could be developed 
at the two proposed Licking River projects. (There was also another dam project 
proposed at Falmouth, Kentucky at the time Cave Run Lake was being proposed). 
The Commission concluded further that if the projects were initially constructed for 
flood control only, they should be made adaptable to an ultimate plan for multi-
purpose uses, including hydroelectric power development (Swidler, 1964). The 
Federal Power Commission staff conducted further studies prior to the beginning of 
construction of Cave Run Lake in 1964 and noted that the storage capacity 
requirements for flood control had increased substantially as opposed to those 
estimated in earlier studies. The newer studies showed that the storage capacity 
previously estimated had decreased. The newer studies also indicated that an increase 
in the scope of the project of the Cave Run Lake would not be economically feasible 
at that time (Swidler, 1964). It should be noted that in 1964 the prices for fossil fuels 
to produce electricity were much cheaper than they are today. As a result, the 
economic feasibility of hydroelectric power at Cave Run Dam in the present would 
seem even more attractive than it did in 1964. 
In the early 1980s, there were four different companies competing to secure a 
preliminary permit from the Federal Energy Regulatory Commission at the same 
time. Eastern States Energy Resources, along with the County of Bath, filed for a 
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permit on September 2, 1980 (Project #3421-000). Saranac Corporation filed for a 
permit on October 8, 1980 (Project #3538-000). East Kentucky Power Cooperative 
filed for a permit on November 8, 1980 (Project #3645-000). In addition, the City of 
Bedford filed for a permit on February 28, 1981 (Project #4245-000) (Federal Energy 
Regulatory Commission, 1981). 
In the past five years, two independent energy companies have demonstrated a 
strong desire to implement hydroelectric power at the Cave Run Lake Dam. 
Universal Electric Power Corporation and Eastern Kentucky Hydro have both applied 
for and received preliminary permits from the Federal Energy Regulatory 
Commission. A preliminary permit does not allow construction. Instead, the work 
proposed under the preliminary permit would include economic analysis, preparation 
of preliminary engineering plans, and a study of environmental impacts. Based on 
the results of these studies, the applicant then would decide whether to proceed with 
the preparation of a development application to construct and operate the project. 
Universal Electric Power Corporation from Akron, Ohio proposed a project that 
included using the Corps of Engineers' existing dam and consisted of: (1) Two 50-
foot-long, 42-inch-diameter steel penstocks, (2) a powerhouse containing two 
generating units with a total installed capacity of 5 megawatts, (3) a 1/4-mile-long, 
14. 7-kilovolt transmission line connecting to an existing power line, and ( 4) 
appurtenant facilities. The project was estimated to have an average annual generation 
of31 gigawatt-hours. Their permit was filed on February 13, 2003 and the term of 
the preliminary permit was for 36 months (Federal Register, 2003). 
Eastern Kentucky Hydro, an energy company located in Louisville, Kentucky, 
proposed a different description of their project. The description of their project 
proposed a run-of-river project using the existing Corps dam and consisted of: (1) 
Five 4-foot-diameter, 1200-foot-long steel penstocks, (2) a system containing 15 new 
axial flow propeller turbines, each directly connected to a 330 kilowatt induction 
generator, having a total installed capacity of 4.95 megawatts, (3) an existing three-
phase transmission line and (4) appurtenant facilities. The project was estimated to 
have an annual generation of 18 gigawatt-hours. Eastern Kentucky Hydro filed their 
application for a preliminary permit to study the proposed hydropower project and the 
public notice of the application was issued on December 5, 2003. This established 
February 5, 2004, as the deadline for the filing of comments, protests, and motions to 
intervene. 
The United States Department of the Interior and the Corps of Engineers' 
Louisville District Office did file comments. No motions to intervene or objections 
were filed on this application. Several of the comments indicated that there would be 
some environmental issues to address in order for this project to succeed (Federal 
Register, 2003). The Department of Interior identified the Bald Eagle as a federally 
listed threatened species, as well as the Indiana Bat, the Virginia Big-eared Bat, the 
Pink Mucket, and the Northern Riffle Shell. It was stated that these were all 
endangered species that may be encountered in the project impact area. The 
Department of Interior recommended that studies should be conducted to determine 
the effects of construction and operation as they related to those species. They also 
recommended studies on water quality, aquatic and terrestrial resources, and 
recreational activities in the project area (Ildari, 2004). 
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The Department of Interior also recommended that Eastern Kentucky Hydro 
consult with state and federal resource agencies early in the planning process and 
contact the Kentucky Field Office of the United States Fish and Wildlife Service for 
further coordination. 
The Corps of Engineers stipulated that the proposed project must not degrade the 
operation of flood control, recreation, water quality, fish and wildlife enhancement, 
and water supply or add to the cost of operation (Ildari, 2004). It was also noted that 
the outlet works were not designed to be pressurized and that project development 
must not compromise the structural integrity of the dam or outlet works. The 
distinction was also made that neither the permit nor an eventual license would 
reduce federal ownership and control of the Cave Run Lake Dam and reservoir. 
In addition, in the Order Issuing Preliminary Permit, (Ildari ,2004) the Corps also 
noted that it maintains a policy of non-degradation (of water quality) and that any 
eventual licensee would be expected to provide the same re-aeration and temperature 
control capabilities in the proposed facility as in the existing outlet works. Other 
stipulations included the requirement that the permittee must obtain the necessary 
permits and authorizations to conduct studies in a manner consistent with applicable 
laws and regulations, and that the permittee must prevent irreparable damage to the 
environment when conducting field studies. 
The permit conferred no authority on the permittee to undertake construction of 
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the proposed project or to occupy or use lands or other property related to the project. 
Three years was the maximum term for the preliminary permit. The preliminary 
permit for Eastern Kentucky Hydro expired in 2007 (Ildari, 2004). As evidenced by 
this extensive list of requirements, it is obvious that there would need to be a great 
deal of cooperation from local, state, and federal government in order for a Cave Run 
Dam hydropower facility to be a success. 
In an interview conducted with Mr. David Brown Kinloch of Eastern Kentucky 
Hydro, he indicated that his company would probably not be pursuing this project 
further due to regulatory requirements. Mr. Kinloch stated that the preliminary 
permit had just expired and his company was pursuing other areas for hydroelectric 
power such as Taylorsville Lake. Eastern Kentucky Hydro did begin the design 
phase and conduct several environmental impact studies for Cave Run; however, 
these were not yet available to the public for viewing. 
One interesting piece of information revealed was that Eastern Kentucky Hydro 
was not allowed to use the existing spillway as part of their system. If they were 
granted permission to pursue hydroelectric at Cave Run, they would have had to 
tunnel around the dam and into the hillside on the side of the dam. Mr. Kinloch 
stated that they also would have to extract all of the water from the top of the lake so 
as not to disturb the bottom of the lake. He said there is a great deal of iron ore, 
which comes up from the bottom of the lake. One of their environmental studies even 
addressed trying to solve this problem because it was already affecting the drinking 
water downstream. The Licking River is located below the Cave Run Dam and this is 
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a primary source of drinking water for Rowan Water, Inc. 
Mr. Kinloch stated that a rough budget number was $2,000.00 per kilowatt-hour. 
For a 5-megawatt facility, Eastern Kentucky Hydro projected it to cost around 10 
million dollars. He indicated that his company would not pursue the project further 
due to environmental obstacles and regulatory obligations (Kinloch Interview, 2007). 
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CHAPTER THREE 
Restatement of the Problem 
The research presented in this proposal attempted to explore the possible use of 
hydropower as an alternative energy resource for the local area of Morehead, 
Kentucky and for the state of Kentucky in order to provide a possible alternative to 
the continued dependence on fossil fuels. This study attempted to analyze the 
potential energy of hydropower if it were implemented at the Triplett Creek Dam and 
the Cave Run Lake Dam. Research was also conducted to calculate the energy 
potential of hydroelectric power.if it were implemented at various sites across the 
state of Kentucky. 
Methodology 
The researcher utilized different methods of analysis to address each of the four 
research questions. The first step in the assessment of the potential of a hydroelectric 
system was to determine the amount of power that could be obtained from the stream 
at the site. As mentioned previously, the power available is a product of the flow 
volume, the system efficiency, and the head. Flow volume is typically measured in 
cubic feet per second ( cfs ). 
Sample testing was the primary instrument used for the analysis related to 
Research Question One. Sample testing was performed to test the hypothesis that the 
flow rate of Triplett Creek is consistent regardless of weather conditions. A total 
population of thirty samples was taken over the course of four days following a 
significant rainfall. Ten samples were taken on three different days. The samples 
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were taken twenty- four, forty- eight, and seventy- two hours after a significant 
rainfall. The sampling was performed by the utilization of the Float Method in which 
toothpicks which were floated on the surface of the water were timed over a distance 
of one hundred feet. The testing was performed approximately 4/10 of a mile above 
the Triplett Creek Dam to the east. Figure 3.1 shows the location in Triplett Creek 
where the sampling took place. 
Figure 3. I Triplett Creek area where float tests were performed. Photo by Terry 
White 
I 
Finishing Cord 
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Figure 3.2 (above) illustrates the methodology used for testing flow rate of Triplett 
Creek by utilizing the Float Method (United States Department of Interior 1987). 
Research Design 
In order to measure the consistency of the water flow rate of Triplett Creek, 
Analysis of Variance (ANOVA) was used to analyze the sample population. The 
examination of surveys and analysis of various articles written about this subject have 
also been utilized to present evidence to address Research Question One. A recent 
flow rate calculation was also performed using the following formula as shown in 
Figure 3.3 
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Q 0.83 bd 100 144 t 
Figure 3 .3 the formula used for calculating flow rate (United States Department of 
Interior 1987). 
The following abbreviations were used in the formula: 
Q = flow rate, cubic feet per second 
b = stream width, inches 
d = average stream depth, inches 
t = time for float to drift 100 feet, seconds 
(United States Department of Interior, 1987) 
Research Question One 
Will adequate water flow be available in Triplett Creek on a consistent basis 
regardless of weather conditions? 
Hypothesis Testing 
A hypothesis of this thesis relates to Research Question One: Will adequate water 
flow be available in Triplett Creek on a consistent basis regardless of weather 
conditions? Hypothesis Testing and Sample testing was performed to test the 
hypothesis that the flow rate of Triplett Creek is consistent regardless of weather 
conditions. 
Alternate Hypothesis 
The average water flow rate of Triplett Creek is not consistent all of the time 
regardless of weather conditions such as rainfall. 
Null Hypothesis 
The average water flow rate of Triplett Creek is consistent all of the time 
regardless of weather conditions such as rainfall. 
Population of the Study 
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The results of the sampling are illustrated in Figures 3.4, 3.5, and 3.6. The 
samples were taken over the course of four days after a significant rainfall on three 
different days. 
Figure 3.4 FLOW RATE SAMPLE TEST AT TRIPLETT CREEK 4-29-07 
Weather conditions: clear, sunny, wind NNW 6 mph 
Time over 100' in seconds 
Sample 1 . . . . .. . . . . .. ... . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . .. . .. . . .. 94. 77 
Sample 2 . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . .. . ... . . . . . . . . . . . . . . . . . . .. . . . .. 95.55 
Sample 3 . . . ... . . . . . . . . . . . . . . . .......... .. . . . . . . . . . . . . . . . ... . .. . . . . . . . . . . . . . . . . .. ... . . .. 99.49 
Sample 4 .. . . .. . . . ... . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . .. ... . . .. 90. 74 
Sample 5 . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . .. . . . . . .. 88.82 
Sample 6 . . . . . . . . . ... . . . . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 95.82 
Sample 7 . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ... . . . . . . .. . . . . . . . . . . . .. . . . . . . . ... 91.90 
Sample 8 ... ......... .............................. ........................ ....... ...... 87.83 
Sample 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 .62 
Sample 10 . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . .. . .. . . . . . . . . . . . . . . .. 86.07 
Figure 3.5 FLOW RATE SAMPLE TEST AT TRIPLETT CREEK 5-1-07 
Weather conditions: clear, sunny, wind NNW 3 mph 
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Time over 100' in seconds 
Sample 1 .............................................................................. . 
Sample 2 .............................................................................. . 
Sample 3 .............................................................................. . 
Sample4 .............................................................................. . 
Sample 5 .............................................................................. . 
Sample 6 .............................................................................. . 
Sample 7 .............................................................................. . 
Sample 8 .............................................................................. . 
Sample 9 .............................................................................. . 
Sample 10 .............................................................................. . 
Figure 3.6 FLOW RATE SAMPLE TEST AT TRIPLETT CREEK 5-2-07 
Weather conditions: clear, sunny, wind NNW 2 mph 
147.22 
135.27 
129.76 
123.88 
145.92 
128.67 
133.11 
139.57 
124.51 
130.10 
Time over 100' in seconds 
Sample 1 ............................................................................... 146.37 
Sample 2 ................ ..................... ........ .......... .. ...................... 121.70 
Sample 3 . .. . . . . .. . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . ... . .. . . . .. . ... . . . . . . . . . .. . . . . . . .. 125.30 
Sample 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . . . . . . . . . . ... . . . . . . . . . ... . . . . . . . . . .. . . . . . ... 135.42 
Sample 5 .................. ......... .......... ........ ... ......... ............ .......... 129.84 
Sample 6 . . . . . . ... . . . . . . . . . . . . . . . . . . ... . . . . . . . .. . . . . . . ... . . . . . . .. . ... . . .. . . . . . . . . . . . . ... 128.91 
Sample 7 ................ .. ..................... ......... ............ ......... .......... 129.71 
Sample 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 142.82 
Sample 9 .. ..... ........... ........................... ... ......... ............ .......... 129.94 
Sample 10 . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ... .. . . . . . . . . . . . . . . . . . . . . . . .. .. 134.24 
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Research Question Two 
What is the potential of hydroelectric power if it was implemented as an alternative 
energy source at the Triplett Creek Dam? 
In order to analyze the potential of the use ofhydropower as an alternative energy 
source for the Triplett Creek Dam, the water flow rate of74.8 cubic feet per second in 
Triplett Creek was obtained through the data given in the Site Evaluation and 
Alternatives Analysis for Triplett Creek Dam by Fuller, Mossbarger, Scott, and May 
(1994). Tiris flow rate provided sufficient water flow for hydroelectric power to 
generate 51 Kilowatts. This data was used for calculations concerning the potential 
of hydroelectric power at the Triplett Creek Dam. It was assumed that this data is 
more reliable than the data collected by this researcher because an engineering firm 
collected it over a longer period. 
The researcher combined this analysis with the Wisconsin Valley Improvement 
Company's method (2006) to calculate how much energy a dam can produce. The 
data obtained from the Site Evaluation and Alternatives Analysis for Triplett Creek 
Dam by Fuller et al (1994) and the data obtained from the previous calculations of the 
dam's potential energy in kilowatts and kilowatt hours was then combined with the 
information contained in Appendix C related to the Idaho National Laboratory's 
(2005) hydropower costs and production expenses estimate. By utilizing information 
obtained from all three sources the researcher was able to calculate cost estimates 
related to the potential of implementation of hydroelectric power at the Triplett Creek 
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Dam. The Wisconsin Valley Improvement Company's method (2006) to calculate 
how much energy a dam can produce is described in the following section. 
Two critical items of data were needed to calculate the amount of energy. The 
fust piece of data needed was to find out is how far the water would fall or head. If a 
dam is 10 feet high, the water will fall 10 feet The other critical factor needed is to 
determine the amount of water flowing in a river or stream. If it is learned that a river 
or stream flows at a rate of 500 cubic feet per second, the amount of potential energy 
that could be produced could then be calculated. The next step would be to perform 
some mathematics. As stated by the Wisconsin Valley Improvement Company 
(2006), engineers have found that the power of a dam can be calculated using the 
following formula: 
Power= (Height of Dam) x (River Flow) x (Efficiency) / 11.8 
Some additional definitions needed in order to understand the calculation include: 
Power-The electric power in kilowatts (one kilowatt equals 1,000 watts). 
Height of Dam - The distance the water falls measured in feet. 
River Flow - The amount of water flowing in the river measured in cubic feet per 
second. 
Efficiency - How well the turbine and generator convert the power of falling water 
into electric power. For older, poorly maintained hydroelectric plants, this might be 
60% (0.60) while for newer, well-operated plants this might be as high as 90% (0.90). 
11.8 - Converted units of feet and seconds into kilowatts. 
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If a turbine and generator with an efficiency of 80% for the dam is used, and using 
the previous data of 10 feet of fall and a flow rate of 500 cubic feet per second, the 
power for that dam will be: 
Power= (10 feet) x (500 cubic feet per second) x (0.80) / 11.8 = 339 kilowatts 
To determine what 339 kilowatts can produce, it can be calculated how much 
electric energy can be produced in a year. Since electric energy is normally measured 
in kilowatt-hours, the power from the dam would be multiplied by the number of 
hours in a year. 
Electric Energy= (339 kilowatts) x (24 hours per day) x (365 days per year)= 
2,969,000 kilowatt hours. 
The average annual residential energy use in the U.S. is about 3,000 kilowatt-
hours for each person. It could then be calculated how many people the dam could 
serve by dividing the annual energy production by 3,000. 
People Served= 2,969,000 kilowatts-hours/ 3,000 kilowatt-hours per person)= 990 
people. 
In summation, by using the previous data given, a local irrigation or recreation 
dam could provide enough renewable energy to meet the residential needs of 990 
people if a turbine and generator were added and a hydroelectric system were 
implemented (Wisconsin Valley Improvement Company, 2006). 
Research Question Three 
What is the potential of hydroelectric power if it was implemented as an 
alternative energy source at the Cave Run Lake Dam? 
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In order to analyze the potential of the use ofhydropower as an alternative energy 
source for the Cave Run Lake Dam, the researcher analyzed and examined a survey 
from the Idaho National Laboratory's Virtual Hydropower Prospector and their 
Resource Database Listing for Kentucky Hydropower. This survey is illustrated in 
Appendix A (Conner and Franfort, 1998). The researcher also combined this analysis 
with the use of the Wisconsin Valley Improvement Company's method (2006) to 
calculate how much energy a dam can produce. The data obtained from Appendix A 
and the data obtained from the previous calculations of the dam's potential energy in 
kilowatts and kilowatt-hours was then combined with the information contained in 
Appendix C related to the Idaho National Laboratory's Hydropower Costs and 
Production Expenses (2005). By utilizing information obtained from all three sources 
the researcher was able to calculate cost estimates related to the potential of 
implementation of hydroelectric power at the Cave Run Lake Dam. The same 
method for calculating how much energy potential would be available at Cave Run 
Lake was utilized in the same manner as outlined for Research Question Two. 
Research Question Four 
What is the potential of hydroelectric power if it was implemented as an alternative 
energy source at several potential sites throughout the state of Kentucky? 
In order to analyze the potential of the use ofhydropower as an alternative energy 
source for the state of Kentucky, the researcher analyzed and examined a survey from 
the Idaho National Laboratory's Virtual Hydropower Prospector and their Resource 
Database Listing for Kentucky Hydropower. This survey is illustrated in Appendix B 
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(Conner and Franfort, 1998). The researcher also combined this analysis with the use 
of the Wisconsin Valley hnprovement Company's method (2006) to calculate how 
much energy a dam can produce. The data obtained from Appendix B and the data 
obtained from the previous calculations of the dam's potential energy in kilowatts and 
kilowatt-hours was then combined with the information contained in Appendix C 
related to the Idaho National Laboratory's (2005) hydropower costs and production 
expenses estimates. By utilizing information obtained from all three sources the 
researcher was able to calculate cost estimates related to the potential of 
implementation of hydroelectric power in the state of Kentucky. The same method 
for calculating how much energy potential would be available in the state of 
Kentucky was also utilized in the same manner as Research Question Three. 
CHAPTER FOUR 
Data Analysis of Research Question One 
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The final calculation performed by using the samples from the third day of 
sampling revealed a flow rate of 181.23 cubic feet per second. This was calculated 
by using the data of a stream width of 960 inches, a stream depth of 36 inches, and an 
average time for the float to drift 100 feet of 134.425 seconds. This rate varies a great 
deal from the previously mentioned known flow rate included in the data provided in 
the Dam Inspection Report by Fuller, Mossbarger, Scott, and May Engineers (1994). 
As mentioned earlier, their report revealed a flow rate of74.8 feet. In order to 
analyze the consistency of the water flow rate of Triplett Creek, Analysis of Variance 
(ANOV A) was used to analyze the sample population. The information provided in 
Table 2 - Flow Rates, illustrates the samples taken to measure the consistency of the 
flow rate of Triplett Creek as it relates to weather conditions following a significant 
amount of rainfall. 
Table 2 - Flow Rates 
Flow 1 2 3 4 5 6 7 8 9 10 TOTALS AVG 
24 hrs 94.77 95.55 99.49 90.74 88.82 95.82 91.90 87.83 97.62 86.07 928.31 92.831 
48 hrs. 147.22 135.27129.76 123.88 145.92 128.67 133.11 139.57124.51130.10 1338.01 133.801 
72 hrs. 146.37 121.70 125.30 135.42 129.84 128.91 129.71 142.82 129.94 134.24 1324.25 132.425 
TOTALS 3590.57 359.057 
Analysis of variance (ANOV A) is a statistical technique that can be used to 
evaluate whether there are differences between the average value, and mean, across 
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several population groups. With this model, the response variable is continuous in 
nature, whereas the predictor variables are categorical. The ANOV A model (as 
shown in Table 3), operates by comparing the amounts of dispersion experienced by 
each of the groups to the total amount of dispersion in the data. 
Table 3 - ANOV A Model 
SS Total a n 2 2 
(L ~ Yij)-Y .. 
i=j i=j N 
SS n 2 2 
Treatment ~ Yi. - Y .. 
i=j ni N 
SS Error SS Total -
SS Error 
2 
441862.2845-3590.57 = 
30 
441862.2845-429739.7642 = 
2 2 2 
928.31 + 1338.01 + 1324.25= 
10 10 10 
861759.4561 + 1790270. 76 + 
10 10 
1753638.063 = 
10 
86175.94561 + 179027.076 + 
175363.8063 = 
2 
440566.8279- 3590.57 = 
30 
440566.8279-12892192.92 = 
30 
440566.8279-429739.7642 = 
12122.5203 - 10827.0637 = 
12122.5203 
440566.8279 
10827.0637 
1295.4566 
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Hypothesis testing, F-tests, and the use of an ANOV A Chart were compiled. The 
ANOV A Chart is illustrated in Table 4. 
Table 4 - ANOV A Chart 
Source of 
Variation 
Error 
Total 
Sum of 
Squares 
ss 
10827.0637 
1295.4566 
12122.5203 
Degree of 
Freedom 
df 
a-1 
3-1 =2 
2 
(N-a) 
30-3 = 
27 
(N-1) 
30-1 =29 
Mean Square F-Value 
MS F 
10827.0637= 5413.53185= 
2 47.97987407 
5413.53185 
1295.4566= 
27 
47.97987407 112.8292079 
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As previously mentioned, Hypothesis testing, F-tests, and the use of an ANOV A 
Chart were compiled. The examination of this data utilized Analysis of Variance 
(ANOVA) and F-Testing to perform the hypothesis testing. An F-test is any 
statistical test in which the test statistic has an F-distribution if the null hypothesis is 
true. The calculated F- Value is 112.8292079. When this is compared with the F-
Value Chart on page 434 of the textbook, Statistical Quality Control, (Ledolter and 
Burrill, 1999) and using the data, Fa 1, for a degree of confidence of 0.01, Vl, for a 
degree of freedom for treatment of 2, and V2, for a degree of freedom for error of 27, 
this results in an F - Value of 5.49. As a result, since 112.8292079 > 5.49, the 
researcher rejected the Null Hypothesis which states that the average water flow rate 
is consistent all of the time regardless of the weather. The researcher would accept 
the Alternate Hypothesis, which states that the average water flow rate of Triplett 
Creek is not consistent all of the time regardless of weather conditions such as 
rainfall. 
Data Analysis of Research Question Two 
The Triplett Creek Dam (as shown in Figure 3.7) is also 10 feet high just as the 
dam used in the previous example. Triplett Creek does differ from the previous 
example in that; it only has an average flow rate of74.8 cubic feet per second. 
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Figure 3.7 Triplett Creek Dam Photo taken by Terry White 3/5/07 
By using the formula provided by the Wisconsin Valley Improvement Company 
(2006) as detailed in the Methodology, with data provided in the Triplett Creek Dam 
Analysis (Fuller et al, 1994), the calculation of the energy potential of the Triplett 
Creek Darn can be determined. It was also assumed that a turbine and generator with 
an efficiency of 80% would be used for this Darn as it was in the example that was 
used in the Methodology. The formula for this would be: 
Power = ( IO feet) x (74.8 cubic feet per second) x (0.80) / 11.8 = 5 I kilowatts 
Again, by using the previous formula, kilowatt hours (kWh) can be calculated by: 
Electric Energy = (51 kilowatts) x (24 hours per day) x (365 days per year)= 446,760 
kilowatt hours. 
Again, this formula can be calculated to determine how many people could be 
served by the utilization of this dam: 
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People Served= 446,760 kilowatts-hours/ 3,000 kilowatt-hours per person)= 149 
people. To summarize, this local dam could provide enough renewable energy to 
meet the residential needs of 149 people if a turbine and generator were added. 
By using the data provided in the Dam Inspection Report by Fuller, Mossbarger, 
Scott, and May Engineers (1994), and the data in Appendix C, a rough estimate for 
the costs associated with implementation of hydroelectric power at the Triplett Creek 
Dam can be developed. Although the data used in Appendix C was used to calculate 
larger facilities, this analysis would still provide a reasonable general cost estimate. 
This information is illustrated in Figure 3 .8 
Capital Cost- 1700-2300 per Kw (we will use 2300) 51 x 2300 = 117,300.00 
Operation Cost-0.4 per kWh 446,760 x 0.4 = 178,704.00 
Maintenance Cost- 0.3 per kWh 446,760 x 0.3 = 134,028.00 
Total $430,032.00 
Figure 3 .8 Cost estimate of hydroelectric implementation at the Triplett Creek Dam. 
Data Analysis of Research Question Three 
The energy potential of Cave Run Dam can be calculated as well by integrating 
the formula provided by the Wisconsin Valley Improvement Company (2006) with 
the data provided in Appendix A: 
Again, by using the previous formula to convert this to kilowatt hours (kWh), this 
would calculate to: 
Electric Energy= (5000 kilowatts) x (24 hours per day) x (365 days per year)= 
438,800,000 kilowatt hours. 
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Again, using this formula, it can be calculated how many people could be served 
by the utilization of this dam: 
People Served= 438,800,000 kilowatts-hours/ 3,000 kilowatt-hours per person)= 
14,600 people. 
In summation, this local dam could provide enough renewable energy to meet the 
residential needs of 14,600 people if hydroelectric power were implemented at Cave 
Run Lake. 
This method can also be used to develop cost estimates for the implementation of 
hydroelectric power at the Cave Run Lake Dam by using the data in Appendix C and 
the data in Appendix A. This information is illustrated in Figure 3.9. 
Capital Cost - 1700-2300 per Kw (we will use 2300) 5000 x 2300 = 11,500,000.00 
Operation Cost- 0.4 per kWh 438,800,000 x 0.4 = 175,520,000.00 
Maintenance Cost- 0.3 per kWh 438,800,000 x 0.3 = 131,640,000.00 
Total $318,660,000.00 
Figure 3.9 Cost estimate of hydroelectric implementation at the Cave Run Lake Dam. 
Additional cost analysis research was recently conducted by interviewing Mr. 
David Brown Kinloch with Eastern Kentucky Hydro in Louisville, Kentucky. As 
mentioned earlier, Eastern Kentucky Hydro filed an application for a preliminary 
permit to study a proposed hydropower project to be located at the U.S. Army Corps 
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of Engineers' Cave Run Lake Dam on the Licking River in Bath and Rowan Counties, 
Kentucky. Mr. Kinloch indicated that their projected estimate for the construction 
was $2,000.00 per Kw for a total of$10,000,000.00. This supports the previous 
estimate in which a high number was used, ($2300 per Kw) and the cost was 
estimated to be $11,500,000.00 for construction (Kinloch Interview, 2007). 
Data Analysis of Research Question Four 
The energy potential of all of the possible locations listed in the state of Kentucky 
can be calculated as well by integrating the formula provide by the Wisconsin Valley 
Improvement Company (2006) with the data provided in Appendix B: 
Again, by using the previous formula to convert this to kilowatt hours (kWh), the 
energy can be determined by: 
Electric Energy= (913,149 kilowatts) x (24 hours per day) x (365 days per year)= 
7,999,185,240 kilowatt hours. 
Again, this formula can be calculated to illustrate how many people could be 
served by the utilization of these dams: 
People Served= 7,999,185,240 kilowatts-hours/ 3,000 kilowatt-hours per person)= 
2,666,395 people. 
In summation, the implementation of hydroelectric power at all of the potential 
sites listed in Appendix B could provide enough renewable energy to meet the 
residential needs of2,666,395 people if hydroelectric power was implemented. This 
would meet the needs ofa great percentage of the population of the state of Kentucky. 
This method can also be used to develop a cost estimate total for implementing 
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hydroelectric power at all of the potential locations in the state of Kentucky listed in 
Appendix B. This information is illustrated in Figure 3.10. 
Capital Cost- 1700-2300 per Kw (using 2300) 913,149 x 2300 = 2,100,242,700.00 
Operation Cost- 0.4 per kWh 
Maintenance Cost- 0.3 per kWh 
7,999,185,240 X 0.4 = 3,199,674,096.00 
7,999,185,240 X 0.3 = 2,399,755,572.00 
Total $7,699,672,368.00 
Figure 3 .10 Cost estimate of hydroelectric implementation at potential sites across the 
state of Kentucky. 
Conclusions 
Hydroelectric power has great potential as an alternative energy source to supply 
the energy needs of Kentucky in the future. As noted by the previous preliminary 
permits obtained, there would be a commercial interest to implement hydroelectric 
power at the Cave Run Lake Dam. This is evidenced by the fact that two different 
energy companies have utilized substantial resources in the past several years to 
explore the possibility of making this a reality. The major obstacles to the success of 
such a project would continue to involve meeting the environmental and regulatory 
demands imposed by state and federal government. If some type of compromise 
could be achieved between meeting these demands and maintaining the ability to 
make it economically feasible to pursue this endeavor, this project could benefit the 
surrounding area both economically and environmentally. 
The same statement would hold true for a micro-hydro project at the Triplett Creek 
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Dam as well. Hydroelectric power generated at this location could benefit Morehead 
State University financially as an alternative energy source; it could also serve as an 
important teaching aid for educational purposes. Industrial Education Technology 
students could gain first-hand knowledge of how hydroelectric power works. 
Hydroelectric power has potential as an alternative energy source for supplying the 
energy needs of Morehead State University in the future. However, since the 
researcher's hypothesis testing revealed that the flow rate can be inconsistent 
depending on the frequency of rainfall, further analysis of the flow rate should be 
explored. 
Recommendations 
The first step to implementing hydroelectric power at the Triplett Creek Dam, 
Cave Run Lake Dam, and throughout the state of Kentucky at the other possible 
locations, would be to develop well-planned, long-range strategies to make these 
ideas become realities. These plans would involve conducting more research. The 
companies who have applied for preliminary permits should be contacted and 
interviewed in greater depth. Knowledge should be obtained concerning the 
processes these companies utilized as well as the obstacles they faced when trying to 
obtain licenses to precede with their projects. This information could be beneficial to 
providing solutions to potential problems associated with implementation. Local, 
state, and federal politicians should be contacted about potential projects to help them 
become aware of the potential benefits that these types of projects could present in 
order to receive their support to help these projects succeed. 
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Appendix A 
Appendix A lists the following information for Cave Run Lake Dam. It lists the 
project number, plant name, stream name, if the site is federally owned, non-modeled 
undeveloped hydropower potential, and HES-modeled undeveloped hydropower 
potential. 
Kentucky Hydropower Resource Database Listing 
FERC Plant 
Number: 08635 Name: CAVE RUN 
Class: R Stream: LICKINGR 
INDEPENDENCE ELEC 
Owner: CORP/C.O.E. County: BATH 
MINORRIVER 
Basin: BASINS 
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Name Plate Annual Energy Rating PESF Annual Energy 
Rating(KW) PESF PESF*KW (MWh) Rating (MWh) 
10000 0.5 5000 30200 15100 
(Conner and Francfort, 1998) 
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AppendixB 
Appendix B provides the hydropower resource assessment by river basin, which 
includes the project number, project name, stream name, dam status, non-modeled 
undeveloped hydropowc;r potential, and the HES-modeled undeveloped hydropower 
potential for each site. Subtotals are provided for each river basin. 
Kentucky Hydropower Resource Assessment by River Basin 
Name 
Basin Name Plate 
FERC Stream/ Dam Rating 
. 
Number Plant Name Status (KW) PESF PESF*KW 
CUMBERLAND RIVER BASIN 
10018 PARKER BRANCH WO 22000 0.5 11000 
r 
KY0l0 WOODCREEK WO 117 0.5 58.5 
Subtotal 22117 11058.5 
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KENTUCKY RIVER BASIN 
04138 KENTUCKY L&D 6 WO 2500 0.5 1250 
07541 BUCKHORN WO 2800 0.5 1400 
09394 KENTUCKY L&D 2 WO 8200 0.5 4100 
10506 KENTUCKY L&D 4 WO 5000 0.5 2500 
10507 KENTUCKY L&D 5 WO 6000 0.5 3000 
10508 KENTUCKY L&D 8 WO 7000 0.5 3500 
10509 KENTUCKY L&D 9 WO 5100 0.5 2550 
10510 KENTUCKY L&D 11 WO 8000 0.5 4000 
10511 KENTUCKY L&D 12 WO 5500 0.5 2750 
10512 KENTUCKY L&D 13 WO 4000 0.5 2000 
10513 KENTUCKY L&D 14 WO 4000 0.5 2000 
10516 KENTUCKY L&D 10 WO 5100 0.5 2550 
10517 KENTUCKY L&D 3 WO 6000 0.5 3000 
KY002 BOONEVILLE WO 7300 0.5 3650 
KY005 CARRFORK WO 92 0.5 46 
KY012 KENTUCKY L&D 1 WO 8200 0.5 4100 
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Subtotal 84792 42396 
MINOR RIVER BASINS 
02924 ROUGHRIVER WO 8100 0.75 6075 
03806 FALMOUTH WO 40000 0.5 20000 
04940 BARRENL&Dl WO 4000 0.5 2000 
07488 GREENL&D 1 WO 5000 0.5 2500 
07501 GREENL&D2 WO 11400 0.5 5700 
07542 GREENL&D4 WO 5000 0.5 2500 
07545 GREENL&D6 WO 5000 0.5 2500 
07612 GREENL&D5 WO 4900 0.75 3675 
08635 CAVERUN WO 10000 0.5 5000 
09393 GREENL&D3 WO 11000 0.5 5500 
09785 FALLS OF ROUGH WO 110 0.5 55 
10698 GREEN RIVER DAM WO 11000 0.5 5500 
10699 NOLIN WO 10000 0.1 . 1000 
10859 BARREN RIVER WO 7825 0.5 3912.5 
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KY003 BOSTON STATION . u 22500 0.1 2250 
KY008 ROCHESTER WO 179700 0.5 89850 
Subtotal 335535 158017.5 
omo MAIN STREAM 
omo F ALLS(MCALPINE 
00289 w 19200 0.5 9600 
L&D) 
06030 PAINTSVILLE DAM WO 1000 0.75 750 
06641 SMITHLAND L&D WO 80000 0.5 40000 
07522. OIDOL&D53 · WO 25000 0.5 12500 
07845 FISHTRAP WO 1080 0.5 540 
08338 PRESTONBURG (DEWEY) WO 2000 0.5 1000 
08348 GRAYSON WO 1000 0.5 500 
08619 DOERUN WO 35 0.9 31.5 
09011 TAYLORSVILLE WO 4000 0.5 2000 
10228 CANNELTON WO 80010 0.5 40005 
10395 MELDAHLL&D ,WO 105000 0.5 52500 
11177 UNIONTOWN L&D WO 57200 0.5 28600 
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11494 NEWBURGH L&D WO 30000 0.5 15000 
11511 UNIONTOWN L&D WO 45000 0.5 22500 
KY004 CAMPGROUND u 15000 0.1 1500 
KY007 KEHOE u 3030 0.1 303 
KY0ll YATESVILLE u 2150 0.1 215 
Subtotal 470705 227544.5 
Grand Total 913149 439016.5 
(Conner and Francfort, 1998) 
Appenclix C 
Appendix C provides data concerning the cost associated with implementing 
hydroelectric power. 
Hydropower Plant Costs and Production Expenses 
Capital cost $/Kw: $1700-2300/Kw: cap. 
Operation cost/kWh: 4.05 mills (0.4¢) 
Maintenance cost/kWh: 2.62 mills (0.3¢) 
Total cost/kWh: 23.57 mills (2.4¢) 
Operating life: 50+ years 
Capacity factor: 40-50% 
Average size: 31 MW 
Average per KWh Power Production Expenses 
lnvestOJ•O\:lner electric utilities. 1990-1994 
s 
. c:J Fuel 
a 4 • Maintenance 
~ c:::J Operatron 
~ 
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]2 
8. 2 
"' !1 
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Fossi1-1ueted Nud!)ar Hydroe- eetric Gas1urbne/ 
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So\,r'♦ [~toe. F~ •t-:t,;. Cit~ vLJj t'• &;"~IH-·tt-.. l'l'.U , tOt:),t T\be t • 
(Idaho National Laboratory, 2005) 
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AppendixD 
Advanced Hydrologic Prediction Services (AHPS) is a web-based suite of 
accurate and informational forecast products provided by the National Weather 
Service. It is designed to display the magnitude and uncertainty of occurrence of 
floods or droughts, from hours to days and months, in advance. 
The system works by using sophisticated computer models and large amounts of 
data from a wide variety of sources such as super computers, automated gauges, 
geostationary (GOES) satellites, Doppler radars, weather observation stations, and 
the computer and communications system, called the Advanced Weather 
Interactive Processing System (A WIPS), to provide hydrologic forecasts for 
almost 4,000 locations across the United States customers (National Weather 
Service Internet Services Team, 2007). 
A location on the northeast side of Triplett Creek Dam is one of those 4,000 
locations included. These forecasts are developed by the River Forecast centers and 
distributed by field offices throughout a wide range of customers (National Weather 
Service Internet Services Team, 2007). 
The information this provides includes the chance or probability of a river 
exceeding minor, moderate, or major flooding, the chance of a river exceeding 
certain level, volume, and flow of water at specific points on the river during 90 
day periods, and a map of areas surrounding the forecast point that provides 
information about major roads, railways, landmarks, etc. likely to be flooded, the 
levels of past floods, etc (National Weather Service Internet Services Team 2007). 
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The table listed below displays the flood stage and the water flow of Triplett Creek 
in intervals of every twenty-five minutes. The data was recorded from the date of 
June 9, 2007 until June 19, 2007. The measurement of the flood stage is in feet and 
the measurement of the flow rate is in feet per second in thousandths. The flow rate 
samples in this table have a great deal of variance over the ten-day period in which 
they were sampled. This variance demonstrates the need for continuous sampling 
over an extended period in order to obtain a somewhat reliable flow rate, which 
would allow a more complete analysis of the energy potential of hydroelectric power 
prior to implementation at the Triplett Creek Dam (National Weather Service 
Internet Services Team, 2007). 
Observed and Forecast Stages of Trip1ett Creek 
Observed Data: 
IDate(UTC) I I Stage I !--Flow-I 
06/19 10:55 11.27ft 0. 02kcfs 
06/19 10:40 11. 41ft 0.062kcfs 
06/19 10:25 11 .18ft 0.009kcfs 
06/19 10:10 11. 2ft 0. 011kcfs 
06/19 09:55 11.41ft 0. 062kcfs 
06/19 09: 40 11. 63ft 0.15lkcfs 
06/19 09:25 11. 29ft 0.023kcfs 
06/19 09:10 11.16ft 0.008kcfs 
06/19 08:55 11.16ft 0.008kcfs 
06/19 08:40 11. 21ft 0. 012kcfs 
06/19 08:25 11.17ft 0.009kcfs 
06/19 08:10 11.19ft O.Olkcfs 
06/19 07:55 11. 57ft 0.141kcfs 
06/19 07:40 11. 42ft 0.067kcfs 
06/19 07:25 11. 23ft 0.014kcfs 
06/19 07:10 11. 21ft 0. 012kcfs 
06/19 06:55 11. 33ft 0.032kcfs 
06/19 06:40 11. 57ft 0.141kcfs 
06/19 06:25 11.4ft 0.057kcfs 
06/19 06:10 11. 25ft 0.017kcfs 
06/19 05:55 11. 2ft 0. Ollkcfs 
06/19 05:40 11.15ft 0.007kcfs 
06/19 05:25 11. 23ft 0.014kcfs 
06/19 05:10 11. 33ft 0. 032kcfs 
06/19 04:55 11. 22ft 0.013kcfs 
06/19 04:40 11. 21ft 0.012kcfs 
06/19 04:25 11. 56ft 0.139kcfs 
06/19 04:10 11.18ft 0.009kcfs 
06/19 03:55 11.15ft 0.007kcfs 
06/19 03:40 11. 31ft 0.027kcfs 
06/19 03:25 11. 28ft 0.021kcfs 
06/19 03:10 11.18ft 0.009kcfs 
06/19 02:55 11. 54ft 0 .136kcfs 
06/19 02:40 11.18ft 0.009kcfs 
06/19 02:25 11. 22ft 0.013kcfs 
06/19 02:10 11.21ft 0. 012kcfs 
06/19 01:55 11.1ft 0.005kcfs 
06/19 01:40 11.1ft 0.005kcfs 
06/19 01:25 11. 29ft 0.023kcfs 
06/19 01:10 11.14ft 0.007kcfs 
06/19 00:55 11.1ft 0. 005kcfs 
06/19 00:40 11.11ft 0.005kcfs 
06/19 00:25 11. 26ft 0.018kcfs 
06/19 00:10 11.13ft 0. 006kcfs 
06/19 00:00 -9999ft -999kcfs 
06/18 23:40 11.12ft 0.006kcfs 
06/18 23:25 11.15ft 0. 007kcfs 
06/18 23:10 11. 39ft 0.052kcfs 
06/18 22:55 11. 36ft 0.041kcfs 
06/18 22:40 11. 33ft 0.032kcfs 
06/18 22:25 11. 31ft 0. 027kcfs 
06/18 22:10 11. 31ft 0.027kcfs 
06/18 21:55 11. 31ft 0.027kcfs 
06/18 21:40 11. 25ft 0. 017kcfs 
06/18 21:25 11. 2ft 0. Ollkcfs 
06/18 21:10 11. 21ft 0.012kcfs 
06/18 20:55 11. 23ft 0.014kcfs 
06/18 20:40 11.17ft 0.009kcfs 
06/18 20:25 11.13ft 0.006kcfs 
06/18 20:10 11. 4ft 0.057kcfs 
06/18 19:55 11. 2ft 0. Ollkcfs 
06/18 19: 40 11.23ft 0.014kcfs 
06/18 19:25 11. 27ft 0.02kcfs 
06/18 19:10 11.1ft 0. OOSkcfs 
06/18 18:55 11. 2ft 0. Ollkcfs 
06/18 18:40 11.19ft 0. Olkcfs 
06/18 18:25 11. 59ft 0.144kcfs 
06/18 18:10 11.16ft 0.008kcfs 
06/18 17:55 11.11ft O.OOSkcfs 
06/18 17:40 11. 3ft 0.025kcfs 
06/18 17:25 11.34ft 0. 035kcfs 
06/18 17:10 11.17ft 0.009kcfs 
06/18 16:55 11. 21ft 0. 012kcfs 
06/18 16:40 11. 21ft 0. 012kcfs 
06/18 16:25 11. 25ft 0. 017kcfs 
06/18 16:10 11.18ft 0.009kcfs 
06/18 15:55 11.12ft 0.006kcfs 
06/18 15:40 11. 26ft 0.018kcfs 
06/18 15:25 11. 08ft 0.004kcfs 
06/18 15:10 11. 24ft 0.015kcfs 
06/18 14 :55 11.16ft 0.008kcfs 
06/18 14:40 11.16ft 0.008kcfs 
06/18 14:25 11. 57ft 0.141kcfs 
06/18 14: 10 11.21ft 0.012kcfs 
06/18 13:55 11. 25ft 0.017kcfs 
06/18 13:40 11.13ft 0.006kcfs 
06/18 13:25 11. 3ft 0.025kcfs 
06/18 13:10 11.18ft 0.009kcfs 
06/18 12:55 11.18ft 0.009kcfs 
06/18 12:40 11.14ft 0. 007kcfs 
06/18 12:25 11.19ft 0. Olkcfs 
06/18 12:10 11.15ft 0.007kcfs 
06/18 11: 55 11. 26ft 0.018kcfs 
06/18 11:40 11. 2ft 0. Ollkcfs 
06/18 11:25 11.43ft 0.073kcfs 
06/18 11:10 11. 35ft 0.038kcfs 
06/18 10:55 11. 23ft 0.014kcfs 
06/18 10:40 11. 22ft 0. 013kcfs 
06/18 10:25 11. 25ft 0. 017kcfs 
06/18 10: 10 11.19ft O.Olkcfs 
06/18 09:55 11. 23ft 0.014kcfs 
06/18 09:40 11. 42ft 0. 067kcfs 
06/18 09:25 11.19ft O.Olkcfs 
06/18 09:10 11.19ft O.Olkcfs 
06/18 08:55 11. 59ft 0.144kcfs 
06/18 08:40 11.16ft 0.008kcfs 
06/18 08:25 11. 32ft 0.03kcfs 
06/18 08:10 11.57ft 0.141kcfs 
06/18 07:55 11. 24ft 0. 015kcfs 
06/18 07:40 11.24ft 0.015kcfs 
06/18 07:25 11. 36ft 0. 041kcfs 
06/18 07:10 11.23ft 0.014kcfs 
06/18 06:55 11.17ft 0.009kcfs 
06/18 06:40 11. 25ft 0. 017kcfs 
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06/18 06:25 11. 26ft 0.018kcfs 
06/18 06:10 11.15ft 0. 007kcfs 
06/18 05:55 11.19ft 0.0lkcfs 
06/18 05:40 11. 31ft 0.027kcfs 
06/18 05:25 11. 39ft 0.052kcfs 
06/18 05:10 11. 57ft 0.14lkcfs 
06/18 04:55 11.1ft 0.005kcfs 
06/18 04:40 11. 38ft 0.048kcfs 
06/18 04:25 11. 32ft 0.03kcfs 
06/18 04:10 11.19ft 0. 0lkcfs 
06/18 03:55 11. 23ft 0.014kcfs 
06/18 03:40 11.13ft 0.006kcfs 
06/18 03:25 11.16ft 0.008kcfs 
06/18 03:10 11.12ft 0.006kcfs 
06/18 02:55 11.17ft 0. 009kcfs 
06/18 02:40 11.27ft 0.02kcfs 
06/18 02:25 11. 21ft 0.012kcfs 
06/18 02:10 11. 09ft 0. 005kcfs 
06/18 01:55 11.17ft 0.009kcfs 
06/18 01:40 11. 36ft 0.041kcfs 
06/18 01:25 11.15ft 0.007kcfs 
06/18 01:10 11. 21ft 0. 012kcfs 
06/18 00:55 11. 2ft 0. 0llkcfs 
06/18 00:40 11.16ft 0.008kcfs 
06/18 00:25 11.16ft 0.008kcfs 
06/18 00:10 11.15ft 0.007kcfs 
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06/18 00:00 11.17ft 0.009kcfs 
06/17 23:40 11.19ft 0.0lkcfs 
06/17 23:25 11. 19ft O.Olkcfs 
06/17 23:10 11.16ft O.OOBkcfs 
06/17 22:55 11.14ft 0.007kcfs 
06/17 22:40 11.15ft 0.007kcfs 
06/17 22:25 11. 48ft 0. llkcfs 
06/17 22:10 11.21ft 0.012kcfs 
06/17 21:55 11.18ft 0.009kcfs 
06/17 21:40 11. 59ft 0.144kcfs 
06/17 21:25 11. 48ft 0. llkcfs 
06/17 21:10 11.27ft 0.02kcfs 
06/17 20:55 11. 19ft O.Olkcfs 
06/17 20:40 11. 68ft 0.16kcfs 
06/17 20:25 11.19ft O.Olkcfs 
06/17 20:10 11.19ft O.Olkcfs 
06/17 19:55 11.11ft 0.005kcfs 
06/17 19:40 11.12ft 0.006kcfs 
06/17 19:25 11.15ft 0.007kcfs 
06/17 19:10 11. 32ft 0. 03kcfs 
06/17 18:55 11.34ft 0.035kcfs 
06/17 18:40 11. 28ft 0.02lkcfs 
06/17 18:25 11. 36ft 0.04lkcfs 
06/17 18:10 11. 52ft 0.133kcfs 
06/17 17:55 11.18ft 0.009kcfs 
06/17 17:40 11.16ft 0.008kcfs 
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06/17 17:25 11. 36ft 0.04lkcfs 
06/17 17:10 11.28ft 0.02lkcfs 
06/17 16:55 11.2ft 0. 0llkcfs 
06/17 16:40 11. 42ft 0. 067kcfs 
06/17 16:25 11. 46ft 0.094kcfs 
06/17 16:10 11.18ft 0.009kcfs 
06/17 15:55 11.2ft 0. 0llkcfs 
06/17 15:40 11.12ft 0.006kcfs 
06/17 15:25 11. 23ft 0.014kcfs 
06/17 15:10 11.19ft 0. 0lkcfs 
06/17 14:55 11.18ft 0.009kcfs 
06/17 14:40 11.13ft 0. 006kcfs 
06/17 14:25 11. 28ft 0.021kcfs 
06/17 14:10 11.47ft 0 .102kcfs 
06/17 13:55 11. 7ft 0.164kcfs 
06/17 13:40 11. 22ft 0.013kcfs 
06/17 13:25 11.26ft 0.018kcfs 
06/17 13:10 11.13ft 0. 006kcfs 
06/17 12:55 11. 43ft 0.073kcfs 
06/17 12:40 11. 26ft 0.018kcfs 
06/17 12:25 11. 22ft 0.013kcfs 
06/17 12:10 11.22ft 0.013kcfs 
06/17 11: 55 11. 25ft 0.017kcfs 
06/17 11:40 11.48ft 0. llkcfs 
06/17 11:25 11. 25ft 0. 0l 7kcfs 
06/17 11: 10 11. 23ft 0.014kcfs 
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06/17 11:00 11. 44ft 0.079kcfs 
06/17 10:40 11. 22ft 0.013kcfs 
06/17 10:25 11. 25ft 0. 017kcfs 
06/17 10:10 11. 43ft 0. 073kcfs 
06/17 09:55 11. 61ft 0.148kcfs 
06/17 09:40 11. 32ft 0. 03kcfs 
06/17 09:25 11. 37ft 0.044kcfs 
06/17 09:10 11.56ft 0.139kcfs 
06/17 08:55 11.64ft 0.153kcfs 
06/17 08:40 11.27ft 0.02kcfs 
06/17 08:25 11. 43ft 0.073kcfs 
06/17 08:10 11. 34ft 0.035kcfs 
06/17 07:55 11.17ft 0.009kcfs 
06/17 07:40 11. 23ft 0.014kcfs 
06/17 07:25 11. 5ft 0 .13kcfs 
06/17 07:10 11. 5ft 0.13kcfs 
06/17 06:55 11. 34ft 0.035kcfs 
06/17 06:40 11. 36ft 0.04lkcfs 
06/17 06:25 11. 25ft 0.017kcfs 
06/17 06:10 11. 23ft 0.014kcfs 
06/17 05:55 11.17ft 0.009kcfs 
06/17 05:40 11. 25ft 0.017kcfs 
06/17 05:25 11.54ft 0 .136kcfs 
06/17 05:10 11. 2ft 0. 0llkcfs 
06/17 04:55 11. 25ft 0. 017kcfs 
06/17 04:40 11.28ft 0.02lkcfs 
83 
06/17 04:25 11.24ft 0.015kcfs 
06/17 04:10 11.2ft 0. 0llkcfs 
06/17 03:55 11.24ft 0. 0lSkcfs 
06/17 03:40 11. 33ft 0. 032kcfs 
06/17 03:25 11.15ft 0.007kcfs 
06/17 03:10 11.17ft 0.009kcfs 
06/17 02:55 11. 22ft 0.013kcfs 
06/17 02:40 11. 38ft 0.048kcfs 
06/17 02:25 11. 38ft 0.048kcfs 
06/17 02:10 11.14ft 0. 007kcfs 
06/17 01:55 11. 2ft 0. 0llkcfs 
06/17 01:40 11.27ft 0.02kcfs 
06/17 01:25 11.19ft 0.0lkcfs 
06/17 01:10 11.15ft 0.007kcfs 
06/17 00:55 11. 23ft 0.014kcfs 
06/17 00:40 11. 21ft 0.0l2kcfs 
06/17 00:25 11. 21ft 0.012kcfs 
06/17 00: 10 11. 23ft 0.014kcfs 
06/17 00:00 -9999ft -999kcfs 
06/16 23:40 11.19ft 0.0lkcfs 
06/16 23:25 11. 53ft 0.135kcfs 
06/16 23:10 11. 37ft 0.044kcfs 
06/16 22:55 11. 53ft 0 .135kcfs 
06/16 22:40 11.17ft 0.009kcfs 
06/16 22:25 11.17ft 0. 009kcfs 
06/16 22:10 11. 74ft 0.172kcfs 
06/16 21:55 11. 56ft 0.139kcfs 
06/16 21:40 11.18ft 0.009kcfs 
06/16 21:25 11.13ft 0.006kcfs 
06/16 21:10 11.14ft 0.007kcfs 
06/16 20:55 11. 2ft 0. 0llkcfs 
06/16 20:40 11.12ft 0.006kcfs 
06/16 20:25 11.24ft 0.015kcfs 
06/16 20:10 11. 38ft 0.048kcfs 
06/16 19:55 11.15ft 0.007kcfs 
06/16 19:40 11.15ft 0.007kcfs 
06/16 19:25 11. 44ft 0.079kcfs 
06/16 19:10 11. 29ft 0.023kcfs 
06/16 18:55 11. 26ft 0.018kcfs 
06/16 18:40 11. 25ft 0. 0l 7kcfs 
06/16 18:25 11. 32ft 0. 03kcfs 
06/16 18:10 11. 32ft 0.03kcfs 
06/16 17:55 11. 23ft 0.014kcfs 
06/16 17:40 11.19ft 0. 0lkcfs 
06/16 17:25 11.12ft 0.006kcfs 
06/16 17:10 11. 22ft 0. 013kcfs 
06/16 16:55 11.16ft 0.008kcfs 
06/16 16:40 11. 42ft 0.067kcfs 
06/16 16:25 11. 32ft 0. 03kcfs 
06/16 16:10 11.57ft 0 .14 lkcfs 
06/16 15:55 11. 23ft 0. 014kcfs 
06/16 15:40 11.18ft 0.009kcfs 
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06/16 15:25 11.19ft 0. 0lkcfs 
06/16 15:10 11. 81ft 0.186kcfs 
06/16 14: 55 11. 53ft 0 .135kcfs 
06/16 14:40 11. 4 6ft 0.094kcfs 
06/16 14:25 11. 41ft 0.062kcfs 
06/16 14:10 11.19ft 0.0lkcfs 
06/16 13:55 11. 27ft 0.02kcfs 
06/16 13:40 11. 21ft 0.012kcfs 
06/16 13:25 11. 22ft 0.013kcfs 
06/16 13: 10 11.19ft 0.0lkcfs 
06/16 12:55 11. 22ft 0.013kcfs 
06/16 12:40 11.2ft 0. 0llkcfs 
06/16 12:25 11. 56ft 0.139kcfs 
06/16 12:10 11.19ft 0.0lkcfs 
06/16 11: 55 11. 29ft 0. 023kcfs 
06/16 11: 40 11. 35ft 0.038kcfs 
06/16 11:25 11.26ft 0.018kcfs 
06/16 11:10 11. 22ft 0.013kcfs 
06/16 11: 00 11. 28ft 0.021kcfs 
06/16 10:55 11. 22ft 0.013kcfs 
06/16 10:40 11. 29ft 0.023kcfs 
06/16 10:25 11. 26ft 0.018kcfs 
06/16 10:10 11. 28ft 0.02lkcfs 
06/16 09:55 11. 25ft 0.017kcfs 
06/16 09:40 11.18ft 0.009kcfs 
06/16 09:25 11.21ft 0. 012kcfs 
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06/16 09:10 11. 42ft 0.067kcfs 
06/16 08:55 11. 21ft 0.012kcfs 
06/16 08:40 11. 28ft 0.02lkcfs 
06/16 08:25 11. 49ft O .12kcfs 
06/16 08:10 11. 22ft 0.013kcfs 
06/16 07:55 11. 26ft 0.018kcfs 
06/16 07:40 11. 29ft 0.023kcfs 
06/16 07:25 11.24ft 0.015kcfs 
06/16 07:10 11. 39ft 0.052kcfs 
06/16 06:55 11. 3ft 0.025kcfs 
06/16 06:40 11. 21ft 0.012kcfs 
06/16 06:25 11. 3ft 0.025kcfs 
06/16 06:10 11. 23ft 0.014kcfs 
06/16 05:55 11.28ft 0.02lkcfs 
06/16 05:40 11. 24ft 0.015kcfs 
06/16 05:25 11.19ft O.Olkcfs 
06/16 05:10 11.19ft O.Olkcfs 
06/16 04:55 11. 23ft 0.014kcfs 
06/16 04:40 11. 29ft 0.023kcfs 
06/16 04:25 11.17ft 0.009kcfs 
06/16 04:10 11. 23ft o. Ol4kcfs 
06/16 03:55 11.25ft 0.017kcfs 
06/16 03:40 11. 39ft 0.052kcfs 
06/16 03:25 11. 23ft 0.014kcfs 
06/16 03:10 11.19ft O.Olkcfs 
06/16 02:55 11.18ft O. 009kcfs 
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06/16 02:40 11. 4 6ft 0. 094kcfs 
06/16 02:25 11.21ft 0. 012kcfs 
06/16 02:10 11. 41ft 0. 062kcfs 
06/16 01:55 11.19ft O.Olkcfs 
06/16 01:40 11.18ft 0.009kcfs 
06/16 01:25 11. 23ft 0.014kcfs 
06/16 01:10 11.19ft O.Olkcfs 
06/16 00:55 11.21ft 0.012kcfs 
06/16 00:40 11. 23ft 0.014kcfs 
06/16 00:25 11.16ft O.OOBkcfs 
06/16 00:10 11.12ft 0.006kcfs 
06/16 00:00 -9999ft -999kcfs 
06/15 23:40 11.19ft O.Olkcfs 
06/15 23:25 11.14ft 0.007kcfs 
06/15 23: 10 11. 22ft 0.013kcfs 
06/15 22:55 11.27ft 0.02kcfs 
06/15 22:40 11.18ft 0.009kcfs 
06/15 22:25 11.19ft O.Olkcfs 
06/15 22:10 11.19ft O.Olkcfs 
06/15 21:55 11. 29ft 0.023kcfs 
06/15 21:40 11.16ft O.OOBkcfs 
06/15 21:25 11.24ft 0.015kcfs 
06/15 21:10 11. 38ft 0.048kcfs 
06/15 20:55 11. 33ft 0.032kcfs 
06/15 20:40 11. 5ft 0.13kcfs 
06/15 20:25 11. 25ft 0.017kcfs 
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06/15 20:10 11. 26ft 0.018kcfs 
06/15 19:55 11. 28ft 0.02lkcfs 
06/15 19: 40 11.22ft 0.013kcfs 
06/15 19:25 11.15ft 0.007kcfs 
06/15 19:10 11. 28ft 0.02lkcfs 
06/15 18:55 11. 34ft 0. 035kcfs 
06/15 18:40 11.15ft 0.007kcfs 
06/15 18:25 11. 34ft 0.035kcfs 
06/15 18:10 11.18ft 0.009kcfs 
06/15 17 :55 11.2ft 0. 0llkcfs 
06/15 17:40 11. 25ft 0.017kcfs 
06/15 17:25 11. 26ft 0.018kcfs 
06/15 17:10 11.18ft 0. 009kcfs 
06/15 16:55 11.27ft 0.02kcfs 
06/15 16:40 11. 36ft 0. 04 lkcfs 
06/15 16:25 11. 26ft 0.018kcfs 
06/15 16:10 11. 26ft 0. 018kcfs 
06/15 15:55 11. 26ft 0.018kcfs 
06/15 15:40 11. 24ft 0. 015kcfs 
06/15 15:25 11.22ft 0.013kcfs 
06/15 15:10 11. 39ft 0.052kcfs 
06/15 14:55 11. 35ft 0.03Bkcfs 
06/15 14:40 11. 32ft 0.03kcfs 
06/15 14:25 11. 44ft 0.079kcfs 
06/15 14:10 11. 31ft 0. 027kcfs 
06/15 13:55 11.21ft 0. 012kcfs 
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06/15 13:40 11. 3ft 0.025kcfs 
06/15 13:25 11. 29ft 0.023kcfs 
06/15 13:10 11. 6ft 0.146kcfs 
06/15 12:55 11. 38ft 0.048kcfs 
06/15 12:40 11. 28ft 0.021kcfs 
06/15 12:25 11.31ft 0. 027kcfs 
06/15 12:10 11. 3ft 0.025kcfs 
06/15 11:55 11. 23ft 0.014kcfs 
06/15 11:40 11. 21ft 0. 012kcfs 
06/15 11:25 11. 2ft 0. Ollkcfs 
06/15 11: 10 11. 28ft 0.021kcfs 
06/15 10:55 11. 27ft 0. 02kcfs 
06/15 10:40 11.18ft 0.009kcfs 
06/15 10:25 11. 28ft 0.021kcfs 
06/15 10:10 11. 33ft 0. 032kcfs 
06/15 09:55 11. 26ft 0.018kcfs 
06/15 09:40 11. 53ft 0.135kcfs 
06/15 09:25 11. 6ft 0.146kcfs 
06/15 09:10 11. 23ft 0.014kcfs 
06/15 08:55 11. 37ft 0.044kcfs 
06/15 08:40 11.17ft 0. 009kcfs 
06/15 08:25 11. 25ft 0.017kcfs 
06/15 08: 10 11. 37ft 0. 044kcfs 
06/15 07:55 11.35ft 0.038kcfs 
06/15 07:40 11. 32ft 0.03kcfs 
06/15 07:25 11.27ft 0.02kcfs 
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06/15 07:10 11. 21ft 0. 012kcfs 
06/15 06:55 11.21ft 0.012kcfs 
06/15 06:40 11. 28ft 0.02lkcfs 
06/15 06:25 11. 26ft 0. 018kcfs 
06/15 06:10 11. 25ft 0. 01 7kcfs 
06/15 05:55 11.18ft 0. 009kcfs 
06/15 05:40 11. 22ft 0.013kcfs 
06/15 05:25 11. 2ft 0. 0llkcfs 
06/15 05:10 11. 41ft 0. 062kcfs 
06/15 04:55 11. 22ft 0.013kcfs 
06/15 04:40 11. 22ft 0.013kcfs 
06/15 04:25 11.19ft 0. 0lkcfs 
06/15 04:10 11. 22ft 0.013kcfs 
06/15 03:55 11.24ft 0. 015kcfs 
06/15 03:40 11.19ft 0. 0lkcfs 
06/15 03:25 11.21ft 0.012kcfs 
06/15 03:10 11. 21ft 0.012kcfs 
06/15 02:55 11.34ft 0. 035kcfs 
06/15 02:40 11.13ft 0.006kcfs 
06/15 02:25 11.21ft 0. 012kcfs 
06/15 02:10 11. 33ft 0.032kcfs 
06/15 01:55 11.31ft 0.027kcfs 
06/15 01:40 11.2ft 0. 0llkcfs 
06/15 01:25 11. 34ft 0.035kcfs 
06/15 01:10 11. 42ft 0. 067kcfs 
06/15 00:55 11.34ft 0.035kcfs 
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06/15 00:40 11.18ft 0.009kcfs 
06/15 00:25 11.34ft 0.035kcfs 
06/15 00:10 11. 56ft 0.139kcfs 
06/15 00:00 -9999ft -999kcfs 
06/14 23: 40 11. 35ft 0. 038kcfs 
06/14 23:25 11.33ft 0. 032kcfs 
06/14 23:10 11.19ft 0. Olkcfs 
06/14 22:55 11. 39ft 0. 052kcfs 
06/14 22:40 11. 26ft 0. 018kcfs 
06/14 22:25 11. 22ft 0. 013kcfs 
06/14 22:10 11. 34ft 0.035kcfs 
06/14 21:55 11. 23ft 0. 014kcfs 
06/14 21:40 11. 33ft 0.032kcfs 
06/14 21:25 11. 24ft 0.015kcfs 
06/14 21:10 11.17ft 0.009kcfs 
06/14 20:55 11.14ft 0.007kcfs 
06/14 20:40 11. 2ft 0. Ollkcfs 
06/14 20:25 11. 31ft 0.027kcfs 
06/14 20:10 11.15ft 0. 007kcfs 
06/14 19:55 11. 28ft 0. 02lkcfs 
06/14 19:40 11. 68ft 0.16kcfs 
06/14 19:25 11. 4 6ft 0.094kcfs 
06/14 19:10 11.11ft 0.005kcfs 
06/14 18:55 11. 51ft 0.132kcfs 
06/14 18:40 11. 33ft 0. 032kcfs 
06/14 18:25 11.18ft 0.009kcfs 
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06/14 18:10 11. 5ft 0 .13kcfs 
06/14 17:55 11.6ft 0.146kcfs 
06/14 17:40 11. 32ft 0.03kcfs 
06/14 17 :25 11.15ft 0.007kcfs 
06/14 17 :10 11. 57ft 0.14lkcfs 
06/14 16:55 11.17ft 0.009kcfs 
06/14 16:40 11. 53ft 0.135kcfs 
06/14 16:25 11. 41ft 0.062kcfs 
06/14 16:10 11.47ft 0 .102kcfs 
06/14 15:55 11. 34ft 0.035kcfs 
06/14 15:40 11.18ft 0.009kcfs 
06/14 15:25 11. 28ft 0.02lkcfs 
06/14 15:10 11. 56ft 0.139kcfs 
06/14 14:55 11.22ft 0.013kcfs 
06/14 14:40 11. 33ft 0.032kcfs 
06/14 14:25 11. 48ft 0. llkcfs 
06/14 14:10 11. 48ft 0. llkcfs 
06/14 13:55 11. 32ft 0.03kcfs 
06/14 13: 40 11. 26ft 0.018kcfs 
06/14 13:25 11. 45ft 0. 086kcfs 
06/14 13:10 11. 72ft 0.168kcfs 
06/14 12:55 11. 26ft 0.018kcfs 
06/14 12:40 11. 28ft 0.02lkcfs 
06/14 12:25 11.14ft 0 ."007kcfs 
06/14 12:10 11. 37ft 0.044kcfs 
06/14 11:55 11.32ft 0.03kcfs 
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06/14 11:40 11. 29ft 0.023kcfs 
06/14 11:25 11. 46ft 0.094kcfs 
06/14 11: 10 11. 48ft 0. llkcfs 
06/14 10:55 11.18ft 0. 009kcfs 
06/14 10:40 11. 52ft 0.133kcfs 
06/14 10:25 11. 33ft 0.032kcfs 
06/14 10:10 11. 25ft 0.017kcfs 
06/14 09:55 11. 21ft 0.012kcfs 
06/14 09: 40 11. 35ft 0.038kcfs 
06/14 09:25 11. 37ft 0.044kcfs 
06/14 09:10 11. 33ft 0.032kcfs 
06/14 08:55 11. 43ft 0. 073kcfs 
06/14 08:40 11.18ft 0.009kcfs 
06/14 08:25 11. 27ft 0.02kcfs 
06/14 08:10 11.18ft 0. 009kcfs 
06/14 07:55 11. 36ft 0.04lkcfs 
06/14 07:40 11.16ft O.OOBkcfs 
06/14 07:25 11. 24ft 0.015kcfs 
06/14 07:10 11.17ft 0.009kcfs 
06/14 06:55 11.17ft 0.009kcfs 
06/14 06:40 11. 2ft 0. Ollkcfs 
06/14 06:25 11. 5ft 0.13kcfs 
06/14 06:10 11. 23ft 0.014kcfs 
06/14 05:55 11. 2ft 0. Ollkcfs 
06/14 05:40 11. 24ft 0.015kcfs 
06/14 05:25 11. 4 9ft 0.12kcfs 
94 
06/14 05:10 11.17ft o. 009kcfs 
06/14 04:55 11. 26ft 0.018kcfs 
06/14 04:40 11.18ft 0.009kcfs 
06/14 04:25 11. 28ft 0.02lkcfs 
06/14 04:10 11. 26ft 0.018kcfs 
06/14 03:55 11. 29ft 0.023kcfs 
06/14 03:40 11. 24ft 0. 015kcfs 
06/14 03:25 11. 26ft 0.018kcfs 
06/14 03:10 11. 21ft 0.012kcfs 
06/14 02:55 11. 35ft 0. 038kcfs 
06/14 02: 40 11. 3ft 0.025kcfs 
06/14 02:25 11. 25ft 0.017kcfs 
06/14 02:10 11. 34ft 0.035kcfs 
06/14 01:55 11.16ft 0. 00Bkcfs 
06/14 01:40 11. 2ft 0. 0llkcfs 
06/14 01:25 11.24ft 0.015kcfs 
06/14 01:10 11. 24ft 0.015kcfs 
06/14 00:55 11. 28ft 0. 02lkcfs 
06/14 00:40 11.19ft 0.0lkcfs 
06/14 00:25 11. 22ft 0.013kcfs 
06/14 00:10 11. 23ft 0.014kcfs 
06/14 00:00 -9999ft -999kcfs 
06/13 23:40 11. 28ft 0.02lkcfs 
06/13 23:25 11. 32ft 0.03kcfs 
06/13 23:10 ll .. 19ft 0.0lkcfs 
06/13 22:55 11.19ft 0. 0lkcfs 
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06/13 22:40 11. 31ft O. 027kcfs 
06/13 22:25 11. 22ft 0. 013kcfs 
06/13 22:10 11.24ft 0.015kcfs 
06/13 21:55 11. 29ft 0.023kcfs 
06/13 21:40 11.15ft 0. 007kcfs 
06/13 21:25 11. 29ft 0.023kcfs 
06/13 21:10 11. 26ft 0.018kcfs 
06/13 20:55 11. 23ft 0.014kcfs 
06/13 20:40 11. 24ft 0.015kcfs 
06/13 20:25 11. 27ft 0. 02kcfs 
06/13 20:10 11. 27ft 0. 02kcfs 
06/13 19:55 11. 33ft 0. 032kcfs 
06/13 19:40 11. 44ft 0.079kcfs 
06/13 19:25 11. 2ft 0. Ollkcfs 
06/13 19:10 11.18ft 0.009kcfs 
06/13 18:55 11. 38ft 0.048kcfs 
06/13 18:40 11. 63ft 0.151kcfs 
06/13 18:25 11.15ft 0.007kcfs 
06/13 18:10 11.15ft 0. 007kcfs 
06/13 17:55 11. 72ft 0.168kcfs 
06/13 17 :40 11. 31ft 0.027kcfs 
06/13 17:25 11. 62ft 0.149kcfs 
06/13 17:10 11. 6ft 0.146kcfs 
06/13 16:55 11.31ft 0.027kcfs 
06/13 16:40 11. 36ft 0.041kcfs 
06/13 16:25 11.17ft 0.009kcfs 
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06/13 16:10 11. 27ft 0.02kcfs 
06/13 15:55 11. 32ft 0.03kcfs 
06/13 15:40 11. 26ft 0.018kcfs 
06/13 15:25 11. 4 6ft 0.094kcfs 
06/13 15:10 11.51ft 0.132kcfs 
06/13 14: 55 11. 52ft 0.133kcfs 
06/13 14:40 11. 24ft 0.015kcfs 
06/13 14:25 11. 26ft 0.018kcfs 
06/13 14:10 11. 3ft 0.025kcfs 
06/13 13:55 11. 2ft 0. 0llkcfs 
06/13 13:40 11.32ft 0.03kcfs 
06/13 13:25 11.28ft 0. 021kcfs 
06/13 13:10 11. 36ft 0.041kcfs 
06/13 12:55 11. 41ft 0.062kcfs 
06/13 12:40 11. 3ft 0.025kcfs 
06/13 12:25 11. 21ft 0.012kcfs 
06/13 12:10 11. 21ft 0.012kcfs 
06/13 11:55 11. 25ft 0. 017kcfs 
06/13 11: 40 11.34ft 0.035kcfs 
06/13 11:25 11.27ft 0.02kcfs 
06/13 11:10 11. 43ft 0.073kcfs 
06/13 10:55 11. 23ft 0.014kcfs 
06/13 10:40 11. 21ft 0.012kcfs 
06/13 10:25 11. 3ft 0.025kcfs 
06/13 10:10 11. 26ft 0. 018kcfs 
06/13 09:55 11. 31ft 0. 027kcfs 
97 
06/13 09:40 11. 32ft 0. 03kcfs 
06/13 09:25 11.26ft 0.018kcfs 
06/13 09:10 11. 36ft 0.04lkcfs 
06/13 08:55 11.22ft 0. 013kcfs 
06/13 08:40 11. 22ft 0.013kcfs 
06/13 08:25 11. 22ft 0.013kcfs 
06/13 08:10 11.16ft O.OOSkcfs 
06/13 07:55 11.17ft 0.009kcfs 
06/13 07:40 11.17ft 0.009kcfs 
06/13 07:25 11.21ft 0.012kcfs 
06/13 07:10 11.16ft O.OOSkcfs 
06/13 06:55 11. 21ft 0. 012kcfs 
06/13 06:40 11. 34ft 0.035kcfs 
06/13 06:25 11. 33ft 0. 032kcfs 
06/13 06:10 11.2ft 0. Ollkcfs 
06/13 05:55 11.33ft 0.032kcfs 
06/13 05:40 11. 27ft 0. 02kcfs 
06/13 05:25 11. 5ft 0.13kcfs 
06/13 05:10 11. 31ft 0.027kcfs 
06/13 04:55 11. 29ft 0.023kcfs 
06/13 04:40 11.18ft 0.009kcfs 
06/13 04:25 11. 42ft 0. 067kcfs 
06/13 04:10 11. 22ft 0. 013kcfs 
06/13 03:55 11. 2ft 0. Ollkcfs 
06/13 03:40 11. 23ft 0.014kcfs 
06/13 03:25 11.37ft 0.044kcfs 
98 
06/13 03:10 11.19ft O.Olkcfs 
06/13 02:55 11. 24ft 0. 015kcfs 
06/13 02:40 11. 33ft 0.032kcfs 
06/13 02:25 11. 27ft 0.02kcfs 
06/13 02:10 11. 21ft 0.012kcfs 
06/13 01:55 11.17ft 0.009kcfs 
06/13 01:40 11.26ft 0.018kcfs 
06/13 01:25 11. 39ft 0.052kcfs 
06/13 01:10 11. 24ft 0.015kcfs 
06/13 00:55 11. 4ft 0. 057kcfs 
06/13 00:40 11. 52ft 0.133kcfs 
06/13 00:25 11. 51ft 0.132kcfs 
06/13 00:10 11. 2ft 0. Ollkcfs 
06/13 00:00 -9999ft -999kcfs 
06/12 23:25 11. 22ft O. 013kcfs 
06/12 23:10 11. 22ft 0. 013kcfs 
06/12 22:55 11. 23ft 0. 014kcfs 
06/12 22:40 11.29ft 0. 023kcfs 
06/12 22:25 11.13ft 0.006kcfs 
06/12 22:10 11. 22ft 0.013kcfs 
06/12 21:55 11. 22ft 0.013kcfs 
06/12 21:40 11.28ft 0.02lkcfs 
06/12 21:25 11.16ft 0.008kcfs 
06/12 21:10 11.26ft 0. 018kcfs 
06/12 20:55 11. 25ft 0.017kcfs 
06/12 20:40 11.24ft 0.015kcfs 
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06/12 20:25 11. 2ft 0. Ollkcfs 
06/12 20:10 11. 2ft 0. Ollkcfs 
06/12 19:55 11. 28ft 0.02lkcfs 
06/12 19:40 11.36ft 0.04lkcfs 
06/12 19:25 11. 3ft 0.025kcfs 
06/12 19: 10 11.31ft 0.027kcfs 
06/12 18:55 11. 37ft 0.044kcfs 
06/12 18:40 11.18ft 0.009kcfs 
06/12 18:25 11. 3ft 0.025kcfs 
06/12 18:10 11. 25ft 0. 017kcfs 
06/12 17:55 11.36ft 0.04lkcfs 
06/12 17:40 11. 24ft 0.015kcfs 
06/12 17:25 11. 33ft 0. 032kcfs 
06/12 17:10 11. 63ft 0.15lkcfs 
06/12 16:55 11.14ft 0.007kcfs 
06/12 16:40 11.27ft 0. 02kcfs 
06/12 16:25 11. 25ft 0.017kcfs 
06/12 16:10 11. 47ft 0.102kcfs 
06/12 15:40 11.16ft 0.008kcfs 
06/12 15:25 11. 26ft 0.018kcfs 
06/12 15:10 11.79ft 0.182kcfs 
06/12 14:55 11. 5ft 0 .13kcfs 
06/12 14:40 11.31ft 0.027kcfs 
06/12 14:25 11. 62ft 0.149kcfs 
06/12 14:10 11.19ft O.Olkcfs 
06/12 13:55 11.26ft 0. Ol8kcfs 
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06/12 13:40 11. 39ft 0.052kcfs 
06/12 13:25 11. 21ft 0. 012kcfs 
06/12 13:10 11.15ft 0.007kcfs 
06/12 12:55 11. 28ft 0.021kcfs 
06/12 12:40 11. 48ft 0.llkcfs 
06/12 12:25 11.29ft 0.023kcfs 
06/12 12:10 11. 46ft 0.094kcfs 
06/12 11:55 11. 41ft 0. 062kcfs 
06/12 11:40 11. 32ft 0.03kcfs 
06/12 11:25 11. 3ft 0.025kcfs 
06/12 11:10 11. 3ft 0.025kcfs 
06/12 10:55 11. 28ft 0.021kcfs 
06/12 10:40 11. 28ft 0.021kcfs 
06/12 10:25 11. 29ft 0.023kcfs 
06/12 10:10 11. 29ft 0.023kcfs 
06/12 09:55 11. 3ft 0.025kcfs 
06/12 09:40 11.29ft 0. 023kcfs 
06/12 09:25 11.29ft 0.023kcfs 
06/12 09:10 11. 29ft 0.023kcfs 
06/12 08:55 11.29ft 0.023kcfs 
06/12 08:40 11. 28ft 0.021kcfs 
06/12 08:25 11.29ft 0. 023kcfs 
06/12 08:10 11. 29ft 0.023kcfs 
06/12 07:55 11. 29ft 0. 023kcfs 
06/12 07:40 11. 38ft 0.048kcfs 
06/12 07:25 11. 39ft 0.052kcfs 
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06/12 07:10 11. 2ft 0. Ollkcfs 
06/12 06:55 11. 42ft 0.067kcfs 
06/12 06: 40 11. 38ft 0.048kcfs 
06/12 06:25 11. 41ft 0.062kcfs 
06/12 06:10 11.28ft 0.02lkcfs 
06/12 05:55 11. 22ft 0.013kcfs 
06/12 05:40 11.29ft 0. 023kcfs 
06/12 05:25 11.38ft 0.048kcfs 
06/12 05:10 11. 28ft 0.021kcfs 
06/12 04:55 11. 33ft 0.032kcfs 
06/12 04:40 11. 25ft 0.017kcfs 
06/12 04:25 11.19ft 0. Olkcfs 
06/12 04: 10 11. 79ft 0.182kcfs 
06/12 03:55 11. 7ft 0.164kcfs 
06/12 03:40 11. 81ft 0.186kcfs 
06/12 03:25 11.16ft 0.008kcfs 
06/12 03:10 11. 22ft 0. 013kcfs 
06/12 02:55 11. 23ft 0.014kcfs 
06/12 02:40 11. 22ft 0.013kcfs 
06/12 02:25 11.31ft 0. 027kcfs 
06/12 02:10 11.26ft 0.018kcfs 
06/12 01:55 11.26ft 0. 018kcfs 
06/12 01:40 11. 19ft O.Olkcfs 
06/12 01:25 11. 28ft 0.021kcfs 
06/12 01:10 11.18ft 0. 009kcfs 
06/12 00:55 11.18ft 0.009kcfs 
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06/12 00:40 11. 47ft 0.102kcfs 
06/12 00:25 11.3ft 0.025kcfs 
06/12 00:10 11.19ft 0.0lkcfs 
06/12 00:00 -9999ft -999kcfs 
06/11 23: 40 11. 7 6ft 0.176kcfs 
06/11 23:25 11. 22ft 0.013kcfs 
06/11 23:10 11.17ft 0.009kcfs 
06/11 22:55 11. 35ft 0.038kcfs 
06/11 22:40 11. 31ft 0.027kcfs 
06/11 22:25 11. 37ft 0.044kcfs 
06/11 22:10 11. 24ft 0.015kcfs 
06/11 21:55 11.22ft 0.013kcfs 
06/11 21: 40 11. 22ft 0.013kcfs 
06/11 21:25 11. 31ft 0. 027kcfs 
06/11 21:10 11.31ft 0.027kcfs 
06/11 20:55 11. 5ft 0.13kcfs 
06/11 20:40 11. 27ft 0.02kcfs 
06/11 20:25 11. 79ft 0.182kcfs 
06/11 20:10 11.16ft 0.008kcfs 
06/11 19:55 11.21ft 0.012kcfs 
06/11 19:40 11. 23ft 0. 014kcfs 
06/11 19:25 11.23ft 0.014kcfs 
06/11 19:10 11. 27ft 0.02kcfs 
06/11 18:55 11. 8ft 0.184kcfs 
06/11 18:40 11. 65ft 0.155kcfs 
06/11 18:25 11. 29ft 0. 023kcfs 
103 
06/11 18:10 11. 26ft 0.018kcfs 
06/11 17:55 11.16ft 0.008kcfs 
06/11 17 :40 11. 52ft 0.133kcfs 
06/11 17:25 11. 29ft 0. 023kcfs 
06/11 17:10 11. 4ft 0.057kcfs 
06/11 16:55 11. 26ft 0. 018kcfs 
06/11 16:40 11. 29ft 0.023kcfs 
06/11 16:25 11.34ft 0. 035kcfs 
06/11 16:10 11. 58ft 0.143kcfs 
06/11 15:55 11.25ft 0.017kcfs 
06/11 15:40 11. 78ft 0.18kcfs 
06/11 15:25 11. 56ft 0.139kcfs 
06/11 15:10 11. 32ft 0.03kcfs 
06/11 14:55 11.35ft 0. 038kcfs 
06/11 14:40 11. 25ft 0.017kcfs 
06/11 14:25 11. 38ft 0.048kcfs 
06/11 14:10 11. 36ft 0. 041kcfs 
06/11 13:55 11. 4ft 0. 057kcfs 
06/11 13:40 11. 4 7ft 0 .102kcfs 
06/11 13:25 11.17ft 0. 009kcfs 
06/11 13:10 11. 4ft 0. 057kcfs 
06/11 12:55 11. 35ft 0.038kcfs 
06/11 12:40 11. 32ft 0.03kcfs 
06/11 12:25 11. 27ft 0.02kcfs 
06/11 12:10 11. 28ft 0.021kcfs 
06/11 11:55 11.24ft 0. 015kcfs 
104 
06/11 11: 40 11. 23ft 0.014kcfs 
06/11 11:25 11.37ft 0.044kcfs 
06/11 11:10 11.22ft 0.013kcfs 
06/11 11: 00 11.16ft 0.008kcfs 
06/11 10:55 11.19ft O.Olkcfs 
06/11 10:40 11.33ft 0. 032kcfs 
06/11 10:25 11. 21ft 0.012kcfs 
06/11 10:10 11.27ft 0.02kcfs 
06/11 09:55 11.18ft 0. 009kcfs 
06/11 09:40 11.2ft 0. Ollkcfs 
06/11 09:25 11. 23ft 0.014kcfs 
06/11 09:10 11. 23ft 0.014kcfs 
06/11 08:55 11. 35ft 0.038kcfs 
06/11 08:40 11.25ft 0. 017kcfs 
06/11 08:25 11. 24ft O.OlSkcfs 
06/11 08:10 11. 24ft 0.015kcfs 
06/11 07:55 11.27ft 0.02kcfs 
06/11 07:40 11. 25ft 0.017kcfs 
06/11 07:25 11.21ft 0.012kcfs 
06/11 07:10 11.31ft 0.027kcfs 
06/11 06:55 11.29ft 0. 023kcfs 
06/11 06: 40 11.34ft 0.035kcfs 
06/11 06:25 11. 25ft O. Ol 7kcfs 
06/11 06:10 11. 29ft 0.023kcfs 
06/11 05:55 11. 4ft 0. 057kcfs 
06/11 05:40 11. 29ft 0. 023kcfs 
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06/11 05:25 11. 25ft 0.017kcfs 
06/11 05:10 11.19ft 0.0lkcfs 
06/11 04:55 11.17ft 0.009kcfs 
06/11 04:40 11.17ft 0.009kcfs 
06/11 04:25 11. 28ft 0.02lkcfs 
06/11 04:10 11.61ft 0.148kcfs 
06/11 03:55 11.26ft 0.018kcfs 
06/11 03:40 11. 63ft 0.151kcfs 
06/11 03:25 11. 22ft 0.013kcfs 
06/11 03:10 11. 2ft 0. 0llkcfs 
06/11 02:55 11.18ft 0 .'009kcfs 
06/11 02:40 11. 24ft 0.015kcfs 
06/11 02:25 11.17ft 0.009kcfs 
06/11 02:10 11.26ft 0.018kcfs 
06/11 01:55 11. 21ft 0.012kcfs 
06/11 01:40 11.18ft 0. 009kcfs 
06/11 01:25 11. 23ft 0. 014kcfs 
06/11 01: 10 11.19ft 0.0lkcfs 
06/11 00:55 11. 2ft 0. 0llkcfs 
06/11 00:40 11.18ft 0.009kcfs 
06/11 00:25 11. 21ft 0.012kcfs 
06/11 00: 10 11.15ft 0.007kcfs 
06/11 00:00 -9999ft -999kcfs 
06/10 23:40 11. 2ft 0.0llkcfs 
06/10 23:25 11. 28ft 0.021kcfs 
06/10 23: 10 11.19ft 0. 0lkcfs 
106 
06/10 22:55 11. 39ft 0.052kcfs 
06/10 22:40 11. 56ft 0.139kcfs 
06/10 22:25 11.4ft 0.057kcfs 
06/10 22:10 11. 36ft 0. 041kcfs 
06/10 21:55 11. 23ft 0.014kcfs 
06/10 21:40 11. 66ft 0.157kcfs 
06/10 21:25 11. 36ft 0.04lkcfs 
06/10 21:10 11. 25ft 0.017kcfs 
06/10 20:55 11. 35ft 0.038kcfs 
06/10 20:40 11.24ft 0.015kcfs 
06/10 20:25 11.17ft 0.009kcfs 
06/10 20:10 11. 35ft 0.038kcfs 
06/10 19:55 11. 26ft 0.018kcfs 
06/10 19:40 11. 25ft 0. 017kcfs 
06/10 19:25 11. 26ft 0.018kcfs 
06/10 19:10 11. 26ft 0.018kcfs 
06/10 18:55 11. 2ft 0. 0llkcfs 
06/10 18:40 11. 21ft 0.012kcfs 
06/10 18:25 11. 41ft 0. 062kcfs 
06/10 18:10 11. 2ft 0. 0llkcfs 
06/10 17:55 11.32ft 0.03kcfs 
06/10 17:40 11. 26ft 0. 018kcfs 
06/10 17:25 11. 21ft 0.012kcfs 
06/10 17: 10 11. 22ft 0.013kcfs 
06/10 16:55 11. 2ft 0. 0llkcfs 
06/10 16:40 11.18ft 0.009kcfs 
107 
06/10 16:25 11. 28ft 0.021kcfs 
06/10 16:10 11. 32ft 0.03kcfs 
06/10 15:55 11.28ft 0. 021kcfs 
06/10 15:40 11. 27ft 0. 02kcfs 
06/10 15:25 11.27ft 0.02kcfs 
06/10 15:10 11.27ft 0.02kcfs 
06/10 14:55 11.27ft 0.02kcfs 
06/10 14:40 11.28ft 0.021kcfs 
06/10 14:25 11.27ft 0.02kcfs 
06/10 14:10 11. 26ft 0.018kcfs 
06/10 13:55 11. 27ft 0.02kcfs 
06/10 13:40 11.27ft 0. 02kcfs 
06/10 13:25 11.28ft 0. 021kcfs 
06/10 13:10 11.27ft 0.02kcfs 
06/10 12:55 11. 27ft 0. 02kcfs 
06/10 12:40 11. 29ft 0.023kcfs 
06/10 12:25 11. 29ft 0.023kcfs 
06/10 12:10 11. 28ft 0. 021kcfs 
06/10 11: 55 11. 29ft 0.023kcfs 
06/10 11:40 11. 3ft 0. 025kcfs 
06/10 11:25 11. 29ft 0.023kcfs 
06/10 11:10 11. 29ft 0. 023kcfs 
06/10 10:55 11. 29ft 0.023kcfs 
06/10 10:40 11. 29ft 0.023kcfs 
06/10 10:25 11. 28ft 0.021kcfs 
06/10 10:10 11. 3ft 0. 025kcfs 
108 
06/10 09:55 11. 28ft 0.02lkcfs 
06/10 09:40 11. 3ft 0.025kcfs 
06/10 09:25 11.3ft 0.025kcfs 
06/10 09: 10 11.3ft 0.025kcfs 
06/10 08:55 11. 3ft 0.025kcfs 
06/10 08:40 11.29ft 0.023kcfs 
06/10 08:25 11. 29ft 0.023kcfs 
06/10 08:10 11. 3ft 0.025kcfs 
06/10 07:55 11.28ft 0. 021kcfs 
06/10 07:40 11. 3ft 0. 025kcfs 
06/10 07:25 11. 29ft 0.023kcfs 
06/10 07:10 11. 3ft 0.025kcfs 
06/10 06:55 11.28ft 0.021kcfs 
06/10 06:40 11. 28ft 0.021kcfs 
06/10 06:25 11. 28ft 0.021kcfs 
06/10 06:10 11. 28ft 0.021kcfs 
06/10 05:55 11. 28ft 0.021kcfs 
06/10 05:40 11. 29ft 0.023kcfs 
06/10 05:25 11.29ft 0.023kcfs 
06/10 05:10 11. 29ft 0. 023kcfs 
06/10 04:55 11.28ft 0.021kcfs 
06/10 04:40 11. 3ft 0.025kcfs 
06/10 04:25 11. 29ft 0.023kcfs 
06/10 04:10 11. 3ft 0.025kcfs 
06/10 03:55 11. 29ft 0.023kcfs 
06/10 03:40 11. 3ft 0.025kcfs 
109 
06/10 03:25 11. 3ft 0.025kcfs 
06/10 03:10 11. 3ft 0. 025kcfs 
06/10 02:55 11.29ft 0.023kcfs 
06/10 02:40 11. 28ft 0.021kcfs 
06/10 02:25 11. 28ft 0.021kcfs 
06/10 02:10 11. 28ft 0.021kcfs 
06/10 01:55 11. 29ft 0.023kcfs 
06/10 01:40 11.29ft 0.023kcfs 
06/10 01:25 11. 29ft 0.023kcfs 
06/10 01:10 11.27ft 0. 02kcfs 
06/10 00:55 11. 28ft 0.021kcfs 
06/10 00:40 11.27ft 0.02kcfs 
06/10 00:25 11. 29ft 0.023kcfs 
06/10 00:10 11.26ft 0.018kcfs 
06/10 00:00 -9999ft -999kcfs 
06/09 23:40 11. 28ft 0.02lkcfs 
06/09 23:25 11. 29ft 0. 023kcfs 
06/09 23:10 11.28ft 0.021kcfs 
06/09 22:55 11.27ft 0.02kcfs 
06/09 22:40 11. 28ft 0. 021kcfs 
06/09 22:25 11. 29ft 0.023kcfs 
06/09 22:10 11. 28ft 0.021kcfs 
06/09 21:55 11. 3ft 0. 025kcfs 
06/09 21:40 11. 28ft 0.021kcfs 
06/09 21:25 11. 3ft 0.025kcfs 
06/09 21:10 11. 29ft 0.023kcfs 
110 
06/09 20:55 11. 3ft 0. 025kcfs 
06/09 20:40 11. 29ft 0.023kcfs 
06/09 20:25 11. 31ft 0.027kcfs 
06/09 20:10 11. 3ft 0.025kcfs 
06/09 19:55 11. 3ft 0. 025kcfs 
06/09 19:40 11.3ft 0.025kcfs 
06/09 19:25 11. 29ft 0.023kcfs 
06/09 19:10 11. 29ft 0.023kcfs 
06/09 18:55 11. 3ft 0. 025kcfs 
06/09 18:40 11. 29ft 0.023kcfs 
06/09 18:25 11. 29ft 0.023kcfs 
06/09 18:10 11. 3ft 0.025kcfs 
06/09 17:55 11.29ft 0.023kcfs 
06/09 17:40 11. 3ft 0 .025kcfs 
06/09 17:25 11. 3ft 0. 025kcfs 
06/09 17:10 11. 3ft 0.025kcfs 
06/09 16:55 11. 3ft 0.025kcfs 
06/09 16:40 11.29ft 0. 023kcfs 
06/09 16:25 11. 3ft 0. 025kcfs 
06/09 16:10 11. 3ft 0.025kcfs 
06/09 15:55 11. 3ft 0. 025kcfs 
06/09 15:40 11. 29ft 0.023kcfs 
06/09 15:25 11. 29ft 0.023kcfs 
06/09 15:10 11. 29ft 0.023kcfs 
06/09 14:55 11. 29ft 0.023kcfs 
06/09 14:40 11.28ft 0.02lkcfs 
111 
06/09 14:25 11.29ft 0. 023kcfs 
06/09 14:10 11.29ft 0. 023kcfs 
06/09 13:55 11. 3ft 0.025kcfs 
06/09 13:40 11.29ft 0. 023kcfs 
06/09 13:25 11.31ft 0.027kcfs 
06/09 13:10 11.31ft 0.027kcfs 
06/09 12:55 11.29ft 0.023kcfs 
06/09 12:40 11. 3ft 0.025kcfs 
06/09 12:25 11. 3ft 0.025kcfs 
06/09 12:10 11. 3ft 0. 025kcfs 
06/09 11:55 11. 3ft 0.025kcfs 
06/09 11:40 11. 32ft 0.03kcfs 
06/09 11:25 11. 33ft 0. 032kcfs 
06/09 11:10 11.3ft 0.025kcfs 
(National Weather Service Internet Services Team, 2007) 
